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PREFACE 

From 1970 to 1981, the U.S. De- 
.part meat of Energy (DOE) awarded 
more than 2,000 small grants to in- 
dividuals, organf/ations and small 
businesses across tho nation to < 
research and demonstrate ap-C 
pfopriat^ technologies. Grants 
vTero givon in the fjenerahiroas of r 
conservation, solar, biomass, , 
wind, geothermal and hydro p^vver. 

Ths booklet is parj ofiii series of 
publicajions that foc.uj(ps on ap- 
propriate technologies mad fheir 
applications itx Ihe home and the- 
, work place. Those publications . 
combine a qualitative assessment 
of tho DOE grant projects witfr :> 
current research for the partic.-, 
ular technology highlighted in this 
documont. In Apperfchx B, at tho 
back of tljis publication there is a 
list of peilinent projects reviewed 
in prepf\JKon of this document. 
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During the last decade, home 
Renting bills have become an 
increasing burden duer to rising 
energy coste. Tojlbssen this bur- 
***den, millions of ppmeowners have - 
woatherized: th6y have caulked air 
leaks, weatherstripp^d doors and 
, windows, and insulated attics. By . 
and large, those energy conserva- 
tion efforts have beeli effective.. 

At tl\o same time, efforts have 
been made to use alternative 
spurces of energv that could help 
reduce the need for Expensive fuel 
oil and natural gas. Most signifi- 
cantly, soMu; energy applications- 
solar greenhouses, Troiribe walls, 
additional south-facing glazing, 
- etc.— have emerged ^as cost* 
effective alternatives, and home- 
owners everywhere have begun to* 
retrofit Iheir homes with active 
and passive solar heating systemg. 

This widespread interest in 
• energy conservation and solar 
applications was reflected in the 
U.S. Department of Energy Appn 
priate Technology Small Grants 
Program: almost 60 percent of the 
j projects wertf in these two technol- 
ogy areas, or'in xxtaby cases, a- 
combination of both. The experi- 
ences of the grantees and others 
have, led to at least one important 
realization: There is a practical 
limit to the amount of energy that 
can b(fsayed using conventional 
home weatherization techniques 
and solar heating systems as ap- 
plied to existing housing. The 
number of existing crayflkfc and 
wavitics and how welUthey are 
detected andfilled will limit the 
amount that heating bills can be 
reduced by weatherization. And 
many existjrtg buildings are un- 
suiteTt to solar applications 



because of shading,* orientation, 
appearance, and storage. 

There is, however, an alterna- 
tive Response to these limitations: a* 
ihajor energy conservation retrpfit. 
A major retrofit requires a signif- 
icant commitment of time and 
money, and this comnfitnient must 
be weighed against the benefits , 
'gained (i.e., reduced heating costs). 
A major retrdfit demand^Tnajor 
reconstruction oPthe building; 
including adding more depth (thick- 
ness) to this walls and ceilings, and 
enclosing the entire building enve- 
lope in an airtight vapor barrier. A 
major retrofit is certainly not the, 
energy^saving answer for every „ 
hou^e, but it does make sense for 
the homeowner who is plahhing a 
major rehabilitation/remodeling job 
anyway. • 

■The strategies for accomplishing 
a major energy-efficiency retrofit 
are relatively new arid not always 
familiar to architects and contrac- 
tors that do ittore conventional 
^remodeling. Adding a structural 
system to accommodate large 
imounts of insulation in the walls 
and cfeilings provokes a wide range 
of Questions: How much and^what 
kind of insulation should be 
added? Where* should the insola- 
tion be added— on the interW or 
the exterior? Whtffrproblems occur, 
in joining a vapor barrier between 
the wall and the ceiling? How 
much will the job cost? 

Major Energy Conservation 
Retrofits: A Planning Guide for 
Northern Climates is intended 
for-ffrqhitects, building and insula* 
tion contractors, public hpusing 
administrators, and skilled owner- 
builder^vho have a strorlg inter- s 
est in moving beyond conventional 



weatherization practices. This 
handbook is not intended ws a con-' 
st ruction manual. It does, however, 
present the information you will 
need to plan the most coSt^ffective 
retrofit in a northern clifnate 
(7,000 degree days^and above). The 
planning strategy ^ presented % apr ^ 
pljes,fo houses in warmer climates 
as well, but the alternative wall 
strategics provided are designed 
for more severe climates^ / 

Chapter 1 provides the informa- 
tion necessary to Ijelp you decide > 
if a major energy retrofit is the ; 
right approach to yourlhousing 
situation. Chaptei^J helpte you 
decide whether to Retrofit the- in- 
side or the outside of the house 
and it provides helpful solutions to 
the potential problems one nijght 
endounter once the location lias « * 
been determined. Chapter ^ com- 
pares the various wall, roof, and 
floor retrofit strategies by cost aud 
insulotive vajue per- square foot as 
well ds pointing out jjroblems in- 
herent in techniques for the exte- 
rior and interior and for the 
n^isonry and the wood frame 
structure. 

Appendix A provides a step-by- 
step procedure for calculating the 
cost and Insula live value per 
square foot for an 8-foot-by-8-foot 
wall section and over 30 tables 
that use this ]5rocfcdure to show 
how costs vary when different 
materials and retrofit techniques 
are used ^n the walls, roofs, and 
floors. Appendix B provides sum- 
maries of selective grant projects 
related to energy conservation and 
solar retrofits. Appendix C pro- 
vides a list of sources for more * \ 
information on energy conservatioh 
retrofits. 
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v ^ There is a wide rang? of options 
available for retrofitting a house 
» to make it more energy efficient. 
They begiivwith filling any avail- 
able space in the attic (except 
vonts) wjth insulation, and ctfkx- 
ploting standard weatherization 
stops, like caulking pir leaks, and 
adding storm windows. Such an 
option might cost approximately 
1 $2,000 foi^ an average-sized 
house. On, the other end of the 
spectrum is a isuperin^ulation ret- 
rofit which requires major recon- 
struction work beyond filling 
existing wall and attic cavities. 
This option requires a sizable in- 
vestment-— in some cases, as 
much as $20,000 (Figure 1.1). 
> Because a major energy retrofit, 
is a complex and expensive un- 
, ^dertaking, a serious assessment 
of the- benefits and liabilities must 
be made. First, is the house appro- 
priate Tor a major investment? 
While it might be physically pos- 
sible to retrofit any house, it is not 
always a sound investment. Does 
the house need major remodeling 
work in the|firSt place? Can the 
owner afford the cost of the retro- 
fit, and will this investment pay 
Tor itself in the lon^ term through 
lower utility bills? What are the 
projected energy - savings? What 
tax A credits are available for this 
type of investment? These and 
other important questions must be 
answered before deciding on the 
appropriate investment. In this 
chapter Jhe issues related' to 
these • questions are" discussed 
with an emphasis on ^wiping plan- 
ners and owners vyeigh the retro^ 
fit options. . 

What is a Major Energy 
Retro/it? > . 

While thousands of new, energy* 
efficient superinsulated houses 
have been built in the last decade, 

' there are millions * of existing 
houses for which major energy retr*. 

' rofit work could benefit thelf 
owners with lower heating bills. In 



Canadian Retrofit: Before anl After > ^ 

4 

These photps illustrate the minor -work that was planned. The retro- 
- impact of a major oxtoripr retrofit fit wtork ha$ resulted in a $V/155 a 
on a home's appearance. Th* ret- year savings Jn electric bills. The 
rofit work cost approximately energy conservation * investment 
$20,000, of which $7,000 can bo will pay back in IIV* years, 
^harged to general remodeling 

Photo ci%dk: National Research Iristilule p/ Canada ' 




Before the Retrpfit: k-8 Walls 

R-15 ceilings 



Double glazing 
Yearly electrical uSage: 40,fo62 kWh 
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contrast to optimal weatherization ^expense of new framing, a vapor 
which is Hmtted by the »ivo of *he barrier and insuldtion is charged 
existing wall cavity, a major enefgy against the retrofit while the new 
retrofit involves adding new mate- siding and, roofing or interior fin- 
rials, to 4 the existing envelope o$ the ishes, fixtures, wiring, and plumb 
house. The primary expenses of ing can be charged against the 
this york mt) new framing, added standard rehabilitation, -In such 
insulation, an air vapor barrier, cases the cost of the energy con- 
end neW finish material. In n\ostVjserv|tjon part of t|ie rehab could 
cases, a major retrofit can be , be repaid in -a reasonable time due 
transformed into, a superinsulation t<* sizable fuel savings. If. on the 
retrofit at little added cost. , other hand, the prospective house 
Hcftoever, transforming an enei> s is hot in need of major interior or 
gy glutton into an energy miser is. exterior work, the total cost of ma- 
Far more complicated than con- jor conservation work (new fram- 
stru^g a new building to super ing, insulation, a vapor barrier 
insulation standards. Every exist- >^jd new finish mitferials) would 
ing house is unique, with its own set have to be measured against fuel 
of retrofit problems and solutions, savings and/have a much longer; 
Adapting superinsul&tioh building, probably Unreasonable, payback 
technology— With its. double ^tud- (Figure 1.2). 

wall filled with great amounts oHn- The cost effectiverie^ of a ma- 

sulatjon and sealed with an airtight jor retrofit is. measured by conl- 

vapor barrier, a* smaller than con- , paring the cost of the retrofit to the 

ventional heating system, and a difference -Ww^en heating bills 

heat .recovery ventilating system before and after the retrofit, 

(air-to-air heat exchanger)—* 0 an Therefore, it wrtl generally be a 

existing house varies with each better investment to bring a com- 



particulaf situation. 



Which Houses are 
Appropriate Jor a 
Major Retro/it? 



pletely uninsldated house up to 
superinsulatioi? standards than to 
bring a* conventionally insulated 
housp up to superinsulation stand- 
ards. This is bfeause, while the 
retrofit costs would be similar in 
both- case? (the only major differ- 
The right house comes in^ many ence being higher insulation CQSts 
different forms. It could be a house for the uninsulated house), (he fuel 
that' needs new siding and^ roofing savings would be much greater in^ 
or it 'could be one wherd the in- the first case, 
terior npeds to be "gutted" . and Tha, houses described in Figure 
rebuilt with all new wiring and 1.3 demonstrate this point. In all 
plumbing. In these cases the added cases, total floor area, the floor 



plan, ^the window configuration,, 
and the orientation are the same, 
but eactf house has different in- 
sulation and air-tightness Matures. 
House I is poorly* insulated, and 
perhaps in need of major interior 
rehabilitation and a new furnace. 
Houstt II is instated to conven- 
tional levels and does not need 
rehabilitation or a riew furirace. 
House III meets superinpulaiiOn 
standards, the interior is in good 
condition, and electric - baseboard 
heating has been installed instead 
of a gas furnace* 

Given these hypothetical condi- 
tions, it would cost" about $2,600 to 
retrofit House I \o House II levels 
witljouk fixing i 4he interior or re- 
placing the' furnace. That work 
would resiSt in annual heating bill 
savings of $1,000, which means the 
retrofit would pay /or jtself'in less 
than 3 years, a good investment. 

Comparatively, it would cost 
over $13,000 to retrofit House II to 
House HI levels, and this, work 
would save only about $500 annu- 
ally on heating bills. That would 
not i)e a very good invest ment. 
However, to retrofit House l||o 
House HI levels would cost about 
'$15,000 and would save about 
$1,500 per year, a tnuch better in- 
vestment. If the furnace and in- 
terior wall finishes are replaced 
^as part, of an interior rehab, those 
costs are not charged against the 
retrofit, thereby reducing the pay- 
back period oi} the conservation 
work. ' 

' i 
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HOUSE I; 
HOUSE II: 
HOUSE III 
HOUSE IV; 
HOUSE V: 



Good candidate for demolition* total cost of project Is prohibitive 
Good candidate for exteror retrofit 
Good candidate for Jnterlor retrofit . 
Marginal candidate for exterior retrofit^, y 
Poor candidate fer re^rof^ 



Figure 1.2 Fadorsdeterminiifcsuitabi^ \ 
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Annual heating load (kWh) 2 A 


76.421 „ 


30,51 1 


5.145 


Annual heating bill ($) 


. 1.7073 


6823 


175* 




Figure 1.3 Cost comparisons on three retro/its, 
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Other Advantages to a 
Mty'or Retrofit 

The three-unit apartment in the 
Montana retrofit example (sge 
Sidebar) jvas an attractive* can- 
didq|e fof a major energy retrofit, 
both because* it was in need of q gut 
^ehab (new wiring, plumbing, heat- 
irfg plant, and interior walls), and 
because B of projected fuel savings 
arid tax credits. More homeowners 
are turning to rehabilitation 
because ofHhe high cost of new con- 
struction. &iven a reasonably 
sound structifre and a good archi- 
tectural plan fqr converting an old 
structure into a rehabilitated one, 
construction will usually cost sig- 
nificantly less thaj? comparable 
ne& construction. Cost is part of 
the reason. Forty^n^ billion dollacs 
was spent on housing. rehabilitation 
in 1981, compared to $82 billion 
spent on. new construction. While 
less than 2 million new homes are, 
built ehch year, a; large percentage 
of the 80 million existing house- 
holds will nepd repair .and thermal 
upgrading in the near future: 

Besides cost advantages, rehabil- 
itation creates more job^ per dollar 
than new construction. A U,S. De- 
part m vR of Commerce study in the 
late 1970'§ showed that for $1 mil- 
lion spent on construction, rehabili- 
tation created. 109 jobs while new 
construction produced only 69. 
Rehabilitation work is generally 
more labor intensive, creating mope 
local jobs than new construction. 

Rehabilitation also conserves a 
hidden energy resource: the build- 
ings themselves. The energy tied up 
in the existing structure (building 
materials and labor) remains .em- 



bodied in the rehabilitated build- 
igflS. Thai energy is lost when the 
existing building stock is destroyed. 
It also requires less pnergy to reha- 
bilitate structures than t to build 
comparable new buildings .accord- 
ing to a -1976 ERDA sjudy aryl a 
1979 study by the Advisory Council 
on Historic Preservation. 

Because of these public benefits, 
and because rehabilitation helps 
preserve America 's architectural 
heritage; Congress enacted* a tax 
incentive program to entourage de- 

• velopers to rehabilitate. T6 be eligi- 
ble forthe 25 percent tax credit: 1) 
the building must be on the Na- 
tional Register of Historic Places or 
must Contribute to an historic dis - % 
trict that is on the- National Regis- 

" ter; 2) the rehabilitation must meet 

- the Secretary of Interior's Stand- 
ards for Rehabilitation (aimed at. 
preserving the historic character of 
a building while allowing modifica- 
tions to encourage its continued use 
in today's economy); 3) the cost of 
rehabilitation must be (jqual to of 
greater than the value of the build- 
ing before rehabilitation; and 4) the 
finished building must produce in- 
come. Obviously, this tax incentive 
program is intended for historic 
buildings. It is, however, applicable 
to rental housing and many of the 
retrofit strategies described in this 
booklet can be applied to meet the 
Secretary's standards, ^ 

Even though the historic preser- 
vation tax incentives not avail- 
able to owner-ocebffents, energy 
conservation tax credits are avail- ^ 
<able and the other advantages of 
rehabilitation and retrofit £till 

' apply, Man* old houses can be eco- 
nomically ^rtrofitted to heat for 



much less than a conventional new 
houW The energy retrofit can be 
incorporated into an overall reha- 
bilitation project sq that th# total 
construction cost will actually be 
less than new construction. In this 
*:ase, the private homeowner can 
live in an energy-efficient house 
with Architectural character, that 
would not be affordable in today's ' 
newhomo market % 

The advantages of m$jor energy 
retrofit to homeowners, developers, 
and to the public are great. All con- 
servation, work reduces our de- 
pendence on finite fuels for home 
heating, reduces the outflow of_ 
dpsh from the local community for 
nome Beating fuel, ami reduces the 
owners' income devoted to heating 
•bills. Retrofitting low-income hous- 
ing* also reduces tax-supported sub- 
sidies for emergency home hepting 
assistance/ 

In summary, thef task of perform- 
ing a major energy conservation 
retrofit is not easy or cheap, but it 
can pay for itself when properly 
analyzed* and planned. One can 
easily compute the least expensive 
retrofiLpption for*a particular wall, 
but thdfwall is only part of the puz- 
zle which includes door and \fri(ii- 
dow openings, interior partitions, 
existing use p^erns and architect 
tural feature*. There are also 
tradeoffs hgtween optimum conser- 
vation, measures and conflicting 
homeowner desires. These trade- t 
offs vary from house to house and 
with each owner. Before planning a 
retrofit or choosing an appropriate 
strategy, carefully evaluate your 
hou&e and its potential -as a can- 
didate for a major energy conserva- 
tion retrofit. 




In a Montana project, the grantee retrofitted an old 
brick three-unit apartment. The sotjth wall of the 
building was transformed into a massive vented 
Trombe wall at a cost of $6,000 and an extra $4,000 
was spent on upgrading the irisulation levels in the in- 
terior walk and ceiling (sfee photo). After (he project 
was completed, computer simulations were done to 
compare a hypothetical superinsulation retrofit with 
th& existing solar work. The computer analysis indi- 
cated that the $6,000 spent on solar improvements 
would have provided a much quicker paybacl^in fuel 
savings had that money been invested in majot con- 
servation improvements. 



rmed with information from this experieifte, the 
architect who workqd pn the project went^on to 
design a major conservation retrofit of a three-unit 
apartment building in Butte, MT. 

Built in 1905, the apartment is part of q National 
Historic Landmark District. The building had been va- 
cant for several years when it was purchased by the 
current owner. It was structurally sound and had sig- 
nificant architectural character, but was in need of 
major interior rehabilitation. Historic energy con- 
sumption figures updated to current prices showed 
that the uninsulated building, if occupied, would have 
cost about $5,000 a year to heat. (Butte has 9,700 



This passive solar/conservation retrofit' tiy p DOE 
grantee in Montana demonstrated the value of invest- 
ing in a conservation retrofit rather than in a passive 
Jttlar retrofit. 



Because of the architectural character of this 
building (top) and becajise major interior rehabilita- 
tion was required, an interior retrofit was selected. 
The retrofit construction was done in conjunction 
with a gut rehab (bottom). 
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healing 'degree daysj R hod lepky doors and win- 
dows, no insulation, and < an inefficient boiler don- 
vortod from coal to gas, p ' 

- The crwjier first determined that' it wo$d k dfco- 
nomic to rehaBilitatelhis building and that in doing so 
a major thermal retrofit' would rapidly pur for .itself. •; 
Yfie cost of standard rehao work was estimated at '\ 
$63,000 and for an additional $27,QQ0 a puperin* 
sulation retrofit pould be completed (that Included the 1 
cost of installing R~45 attic insulation, «R-37 wall in ; 
sulation, an airtight vapor barrier, tripj^glpxi^, and 
air-to-air heat exchangers). Computer sirtmlaUojts in- 
dicated a projected annuaf heating bill of. about $#00,, 
a savings of '-$4,200 per year pt current fiief priced In" 
this ori§e, a major Investment in conservation looked 
like a good investment (jjefe photof . * ; 

There weije several other advantages in this partic- 
ular case. Firstitbe total cost of the project was about 



$2$/?qu(ife toot; substantially less than new, construe; 
ti&. Se<:opd. b^?ame thfe building contributed to an 
Historic District and because tho rehabilitation wor,k 

:met certain historic V preservation, ; standards, the 
bWner was entitled to a federal income tax'crejdit 
equal to 25 percent of the, cost of rehabilitation. Final- 
ly, the owner's profit", margin should increase over the 
years because the owner .pays the utility bills. Gen-, 
erally, rent imtfeases*'" are :* based on increases in 

, opewting costs (comprised primarily of faxes and 
utilities). As fuel tosts' rise steeply in . conventional 
rental p&pertiesr rehft will' rise. The .owner of this 
retrofit project, however,- will be\able to c'pHe# those 

Jiigher'. rents and pay- pack the retrofit ^investment 
sooner Decause tthe Utility costs vyill remain lower 
than those of conventional rental properties, allowing 

"^he owneV to TearrVes a- larger;prpfit. ■-..'»■ 
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lNTERIORt)R 
EXTERIQft : 

RETROFIT 



To plan, an effwti^^ajor retro- 
fit, the designer 1n*st first decide 
where it will take fclafce— ipside or. 
outside ' th6 building (Figure "2.1), 
Two major qilostions must be^an- 
swered' lo choose between an iirte- 
riorand -exterior retrofit: 

1J* Qc^either the interior or,exte- 
* , ffor need*, inajor rehabilita- 

\ -. Mbn? J '- 

»2) Doas t!re house have special 
. ' elements that need to be pte- 
served? * - 

\_ Clpsely Examine the exterior and 
interio^ pf th^ house and consider 
. arU possibilities 'fcjpfore choosing the 
retrofit location. Determine if 
either side of the pdrirpeter walls - 
need major work,' If tyie exterior 
siding is deteriorating .and ne6ds 
replacement, it may hot mak^sense- 
tp plan thfc major energy retrofit in- 
side the house,' By the same token, if 
•the house interior is* in need of ma- 
jor work-^remodeling a kjlchen'or 
bhthroom or* completely rehabili- 
tating the interior Including ne\y 
wiring and plumbing— it probably 
wouldn't p?iy to add all insulated 
wall to the exterior. - 

In Minneapolis, 'Minnesota, the 
designer of a majaf 1 energy conser- 
vation retrofit project ignonbd this 
fuflHamehtal planning step/causihg 
the work to be more expensive than 
nfecessary. The houses rpr&posed 
for rehabilitation needed new ex- 
terior siding. Despite this ,fact, the 
designer planned the retrofit on tbe 
interior. The designer failed to an- 
ticipate the additional labor costs 
relatedto fitting the tlew vapor bar- 
rier around interior partitions and 
'floor jdists. It became apparent 
after the first several houses Were 
retrofi^i tlfat an exterior retrofit 




Fi&URE 2.1 Exterior andinterior retrofits. 
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would hav6 been more cost effec- 
tive In this 4^ase. 

The other preliminary planning 
sttjp is to be aware of any special 
architectural details that are worth 
preserving. Often these appear on 
the building exterior, as was the 
case with grantee retrofits in Penn- 
sylvania, Rhode Island and Connec- 
ticut. When special details appear 
on the exterior, the designer should 
either consider an interior retrofit 
~fff * should , remove ' the decorative 
features and reapply or replicate 
them after an exterior retrofit. For 
example, a grantee in Maryland 
chb&e to retrofit the interior of an 
old stdne mill in order to improve its 
heating performances witHodlskde^ 
<stroying the historic character of 
the building. There are other cases 
where the owner Wants to retain 
special/ interior features— at) .or* 
nate fireplace, a hand-tooled stair- 
case or a molded plaster ceiling. 
This, is relatively easy if an exterior 
retrofit is planned but wilt require 
special- attention lor an interior 
retrofit. Paying attention to archi- 
tectural details can malf» the dif- 



ference between an a^eptahle and 
unacceptable retrofit. 

Another important moderation 
is whether the house vbSUrbe' occu- 
pied during the retrofit. There 
should.be little incon\^Rience to the 
^occupants with an exterior retrofit, 
; whereas an interior retrofit in- 
volves demolition and construction 
that would t)e difficult with the 
bujilding occupied. It im^ht be pos- 
sible to work on one room at a time, 
buj thiss technique & generally n\ore 
costly fcind the construction mess is 
still unavoidable (Figure 2.2). 

There will be tradeoffs to make 
whether you work inside or outside . 
the' hodse. You will probably need 
one overall strategy and a number 
of specialty strategies to deal .with 
problem ^reas or obstacles, In fact, 
yoii mayjvant to combine jnterior 
and exterior strategies to meet 
your particular needs. There may 
be situations where all the insula- 
tion work is done on the exterior 
with the exception of Jhe basement 
wH&re it is less costly to work inside 
rather Jhan excavating around the 
basement wall to insulate. How- 




Figure 2.2 A grantee in Pennsylvania 
could remain in the house during constnM 
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J on an exterior retro/It o/ this J 
Photo crt&it: Rotfale Press. k ! 



storic structure so that thabyilding tenants 



ever, combining* inferior and exte* 
rior strategies can cause complica- 
tions when it comes to joining the 
vapor baYriers, through the existing 
perimeter walls, floors and ceilirigs 
of the house (Figure 2.3). 

A grantee in Philadelphia retro- 
fitted an old brick rowhouse using 
both exterior apd interior 'strate- 
gies. In this instance, a new stud* 
wall was filled with fiberglass on 
the* front interior of th§ building 
and the rear exterior was furred- 
out, insulated with a rigid foam and 
finished with stucco. Because the 
grantee did npt install a continuous 
vapor barrier, there is a greater 
potential for degradation of the in- 
sulation material. due to moisture 
condensation within the wall. 

Labor and material costs, and' 
lortg-term performance of the retro- 
fit will life affected by the designer's 
decision tp work inside or outside* 
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and extra expense (Figure, 2.4). 
Theseproblem area^v^an usually 
be i<£mtified by examining struc- 
tural systems, exiting * exterior 
finishes, vapor 'barriers, exterior 
obstacles, and .door and Window 
openings. 

~ Structural Systems ' 
The existing structural system of 



EXTERIQ^ , 
RETROFIT 
CONSIDERATIONS 

An exterior retrofit usually i$ in- 
stalled in four basic sSteps: 1) the 
vapor barrier is wrapped around 
the entire existing exterior and 
sealed at all joints and Openings; 2) 

the new framing is applied over the a house will generally fall into two 

new vapor barrier and fastened to categories: wood tame ..systems 

the existing house; 3)1#fe&sulation which provide a cavity which may 

is installed within the neW framing; be filled with insulati6n and to 
and 4) the* exterior finish Material -which' new materials can easily be 
isfipplied (Figure 2.3). Becmise.thd;pttailed or screwed, and masonry 

*e>ferior of a housejs usually #nore systems which don't provide a cav- 

4 frfl| of obstacles to tljege steps, the My which can be (easily) filled and 

exterior retrofit is usually siiftpldt to which it is relatively difficult to 

and less expensive than the interior nail or screw new materials, 

retrofit Wopd frame stnittures offer the 

However, there are a numlier of most .flexibility in an exterior retro- 

details that can cause difficulty fit. For masonry 'systems, the de- 
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r KEY TO EXTERIOR ROOF AND CURTAIN WALL 
RETROFITS JOINED TO INTERIOR BASEMENT RETROFIT 

1 . New shingles and new decking 

2. *New 2x6 rafters set on sleepers , 

3. New 2x10 sleepers set on existing roof 

4. 2xlt> brackets holding sleepers in "place . 
s ^5. '/4' xl2" plywood walking strips beneath -brackets to protect 

polyethylene < • 

'6. Polyethylene vapor barrier laid over existing deck after old 
roofing Is removed. 

7. Minimum I " air space between insulation and new decking 

8. Ridge vent 

9. y/i' fiberglass batts between rafters ^ 

10. 9 l A" fiberglass batt? between sleepers 

1 1. Soffit vents v ^ 

1 2. Old eaves cut back 

I 3. Existing roof and celling construction 

1 4. Wall vapor barrier sealed to roof vapor barrier 

15. New exterior siding 

ItiBuilding paper or infiltration barrier (but not vapor barrier) ' 

1 T^urtaln yyalj framing 

18. Space behind framing v 

19. Wall vapor barrier sealed to foundation 

20. Ledger plate 

2 r. Quarter rdund ' '*+ 

22. Protective sheathing ■ • % 

23. Extruded polystyrene 

24. Insulated existing wall cavity 

25. Insulated floor cavity ft 

26. Rigid (extruded polystyrene or foil-laced iso^yanurate) blocking 

27. Basement wall vapot barrier sealed to joists and blocking 

28. Basement wall retrofit framing 

29. New Insulated cavity 

30. Foundation wall 

31. Moisture barrier from grade- down td and along floor 

32. New wall finish / 

33. New flooring and sub-Hoof 

34. New floor, vapor barrier \ 

35. Sleepers 

36. New insulated cavity 



Figure 2,3 Exterior wof and curtain wall retrofits joined to an interior basement retro/it. 
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Figure 2.4 Problem areas - Exterior retro/It 
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vr signer may avoid attaching new 
framing directly to the masonry by 
either supporting, a framing system 
^m, the top and bottom of thd 

^ wfills or gluing a rigid/ insulation 
system directly to the masonry. Ap- 
plying one of several new framing 
systems is usually the easiest and 
least expensive Approach (Figures 
2.5a and 2.5b). 

One exterior framing method is 
the strapping $$tem. The builder 
attaches - alternate layers of v/er- 
tical and horizontal framing to the 
original wall to achieve the desired 
wall thickness. The strapping sys- 
tem is easier for the ownei^builder 
because each piece of framing is 
cut as it is fitted into place, but this 
systepi wastes time and materials if 
the job is done by a skilled 
carpfenter. 
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The curtain wall system costs 
less in time and materials -.(Figui*- 
2,5c). It bap a single outsidc^fram- 
ing layer attached at its top and 
bottom without any intervening 
layers of framing. The curtain wall\ 
requires more skill to erect because/ 
all dimensions at the corners ^nd 
aropnd openings must be dpcu- 
lat'ed and assembled |yith the fram- 
ing on the ground/ When it is|ifted 
into place, all new corners" and 
openings must align with the exist- 
ing ones. * 

The L&rsen truss system may re- 
quire even less materials and labor. 
Because the Larsen trusses at- 
tached directly to the wall, rather 
than being supported at the top 
and/or bottom of the wal^ it re- 
quires some sophisticated engi- 
neering to be certain that the ply- 



wood gussets will support the 
weight of the new siding. 1 

Exiking Finish 

Deteriorated exterior siding 
should be removed so the new 
framing or insulation can be at- 
tached to a solid surface. If, how- 
ever, the exterior finish is stilF in 
good shdpfc, then' three additional 
questions should be asked: 1) Can 
the . existing siding be reused? 2) If 
left in place, \yill the siding punc- 
ture holes in th& new vapor barrier 
because of an uneven or rough sur- 
face? 3) Can the retrofit framing be 
easily attached to the exterior with 
the existing siding left in place? 

For an exterior rjtirofit, the en- 
tire house is usuallft.Jfirst wrapped 
ih a 6-mil polyethylene vapor bat*- 



rior. While this material is relative- 
ly strong, it is not meant to with- 
stand continual movement over 

9 abrasive surfaces like ftucco of 
masonry. (Even though the vapor 
barrier will be sandwiched within 
the wall, changing wind conditions , 
will cau$e some arenas of the vapor 
barrier to M pump" or move within 
thw wall, wearing holes in the mate- ? 
rial) Also, certain exterior siding 
materials have sharp corners that 
may puncture the vapor hairier. 
Therefore, you must plan to either 

* remove or cover all abrasive or 
sharp exterior surfaces, including 
roof shingles^ 

The Vapor Barrier 

The vapo^ barrier is an essen- 
tial part of a major energy retro- 
fit: it reduce^ air infiltration and 
inhibits the condensation of mois- 
ture within the new wall cavity. A 
Maryland grantee who experi- 
mented with at low-cost insulated 
concrete wall stressed the impor- 
tance of a vapor barrier on newly 
insulated exterior walls. As a 
general rule to cold climates, 
there should be\t least twice the 
amount of insulation (as measured 
i i/ l^ n glue) on the outside or cold 
side pf the vapor bWrier as there/ 
is on the inside or toarm side of 
the vapor barrier il{v order to 
avoid condensation within the 
wall. \ 

If the existing house wad has 
any insulation in it, you need to 
add at least twice that amount of 
new insulation outside of the new 
vapor barrier. Any existing vapor 
barrier may be ignored in an ex- 
terior retrofit since fhe new vapor 
barrier should be. tighter and 
therefore will be the major bar- 
rier to both air infiltration and 
vapor movement. 

In an ideal exterior retrofit, the 
vapor barrier is wrapped over the 
Outside of the existing roof. How- 
ever, because adding another roof 
structure may cost as much as^ 
three times more than blowing the 
attic with loose fill insulation, 
6iay setfm logical toftopt for the 
les* expensive approafch. It may 
be tempting to combine an inte- 
rior attic retrofit with an exteripf 
wall retrofit. But the problem with 
this approach is that the ceiling 
vapor barrier, if installed, will be- 




Curtain Wall 



Ledger Plate 



" Strapping " 



Ledger Plate 



/ 



Truss" 



Ledger Plate* 



Figurk 2.5a Three exterior retro/it /ranting ntethodi. 
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Plumbers Strap 
Wrapped Under- 
Neath Ledger Plate 




Ledger Plate Bolted To Angle 
Iron Which Is In Turn Secured To 
Rim Joist With Lag Screws 

; FiCUHE 2.5b : , Ledger plate attd^qjqnt'options. 



0 



P^wood Gusset 




48 Inch Sections Of Ledger Plate 
With Plywood Gussets At Ends, 
Lag-Screwed To Rirn Jotet 




Ledger Plate Resting On tellers 
Below (This Option Leaves A 
Wider Uninsulated Zone) - 
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Figure 2.5c Insula! 



separated from the wqjl vapor 
barrier by the existing structure 
(top plate, ceiling joists, rafters, 
soffits, etc.). It takes a great deal 
of effort to join the two vapor bar- 
riers and in attics with low pitch 
roofs, it may be nearly impossible. 

If you insulate the attic interior, 
you may install the vapor barrier 
above the ceiling joists, but it is 
difficult* tp.do so without tearing 
the\ polyethylene (Figure 2.6a). In 
fact, in many houses with rpof 
trusses, it jnay be practically im- 
possible to install a continuous < 
vapor barrier in the attic. 
Ahother option is to install the 
vapor barrier under the 'existing 
ceiling and cover it with a njpw 
ceiling finish (Figure 2.6b). T&is 
ceiling r vapor barrier must be 
sealed across the top plate to the 
wall vapor barrier anpfr sealed 
across any interior partitions that 
meet^the ceiling (see section on 
interior retrofits).* This second ap- 
proach requires substantia] in- 
terior construction, creating a 
mess normally avoided with an 
exterior retrofit. Finally, you can 
insulate the attic without install- 
ing a ceiling vapor barrier (Figure. 
2.6c). This , method requires that 



you seal every crack visible along 
air top plates and that the attic^be 
very Well vented' As a matter of 
convenience, this method is some- 
times Employed, but it may not 
provide optimum results. 

It is very important to seal all ' 
joists and cracks between the 
walls and the attic in an exterior 
retrofit. Wall cavities provide an 
easy channel for warm air to es-' 
cape from the t\ouse to the vented 
attic, thus reducing the effective- 
ness of insulation.. 

Special Obsthdes 

Obstacles to an effective exterior 
retrofit are either institution! or 
physical. Institutional obstacles in- 
clude either "set-back" ordinances, 
that regulate how close la wall may 
come to a property boundary, or 
building and zoning codes that 
specify the use of particular ex- 
terior building materials. These in- 
stitutional barriers to a m^jor 
energy retrofit can usually be over- 
come either through compliance or 
by seeking a variance. 

physical obstacles can be 
grouped in several ^ categories: 1) 
adjoining spaces that will not be 



retrofitted, such as garages apd 
porches; 2) ^adjoining strucfures, 
p that interfere with exterior work, 
such ^sidewalks, stoqps and 
driveways; 3) utility hookups, 
meters, hosebib^, etc.; and 4) deco- 
rative elements or exterior trim 
around doors, windows, and eaves. 
These obstacles can prevent the 
simple wrapping of the existing 
exterior with a continuous vppor 
barrier arid insulation. None of 
them necessarily cause problems, 
but they need to r be anticipated in 
advance to permit an accurate esti- 
mate of labor and materials costs 
needed to overcome them. \^ 

There is one other Jdnd of physi- 
cal obstacle that needs special at- 
tention: fireplace chimneys. Chim- 
neys constitute a critical part of the 
retrofit for two reasons: 1) they are 
usi&lly built of masonry, making 
them excellent heat conductors and 
a source of significant heat ' loss; 
and 2) operable fireplaces in air- 
tight houses C8n~be a major source 
of infiltration and indoor air 
pollution. 

The best solution to this* problem 
is to 'make the fireplace inoperable. 
Then the chimney can be removed, 
above the roof line and the entire 




Vapor Barrier Laid Over 
Fiber Board And Ceiling 
Joists, Permimete* 
Sealed With Spray 
Polyurethan^ Foam 




FkGUtE 2.6 Exterior wall rrtroflt with art interior attic fetrojit. 



masonry mass can bo more easily 
insulated and" sealed. 

Windofr and Door Openings 

Since exterior retrofit tech- 
niques are similar to conventional 
framing, they yield % conventional 
rough window opening. How that 
rough opening is finished is depend- * 
ent on three factors: 1) Will the 
existing doors and window? be re- 
used or will they be replaced? 2) Is 
the existing 'trim worth saving? 3) 
How will the new vapor Ibarridr 
and vyindow sill be sealed to the ex- 
isting window opening to achieve 
'air-, moisture- and weathei)tight 
seals? 

The condition of the existing win- 
dows should determine whether 
they are used or replaced. How 
many layers of glazing do they 
haye? Can they be made to fit 
reasonably tight? Are the sash and 
other window components sound 
enough to merit keeping them? If 
existing windows are used, thet win- 
dow openings will be relatively 
dedp and exterior extender jambs 
need to be installed! Storm win- 
dows will probably be needed to 
increase the R-value of- existing 
windows. If new window units are 
installed, they can be mounted in 
the other portion of the rough open- 
ing. With new windows, interior 
jamb extenders must be add#d to 
match existing - interior flushes 
(Figure 2.7). ^ 

Deciding how 'to finish and trim 
around the windows is simply, a 
matter of taste. More important is 
the seal between the vapor barrier 
F tV and the window opening (Figure 
: 2.7). There are a variety of window 
configurations that might be en-, 
countered in retrofitting an old 
house, but in all cases the impor- 
tant steps when finishing window 
[?: op&oings are to: 1) stftop infiltration 
around the window unit; ,2) design 
ther new 3§U1 so that water drains 
away from the window opening; 
' and 3) leal all exterior joints with 
caulk to Jceep moisture and air out 
of the wall. A poor seal around the 
exterior window frames coupled 
with the absence of a vapor barrier 
dramatically reduced the effective*, 
ness of conservation work done^by 
a grantee in Nebraska. 




INTERIOR / 
RETkOFIT 
ONSIDERATIONS 



Com pared to an exterior retrofit, 
on interior retrofit will likely pre- 
sent a much larger list of details or 
obstacles that must be addressed 
(Figure 2.8). If a typical gvit rehab is 
plaryied inside, then many potential 
problems will be eliminated. With a 
gut rehab, all the walls and ceilings 
are stripped and often all nonstruc- 
tural room partitions are removed. 
Since all new electrical and plumb- 
ing-systems and walls and* ceiling 
finish material are installed, it will 
be somewhat easier to plan for ne^v 
, insulation and the vapor barriei 1 in- 
stallation. However, if less than a 
gut rehab is planned, then the exist- 
ing interior finish, structural 
systefn, wiring, plumbing, and fix- 
tures must be cdfefully analyzed. 

After all the necessary interior 
demolition is complete, an interior 
retrofit is usually installed in four 
basic steps (note how their order 
differs from an exterior retrofit): 1) 
the new interior framing is applied 
around the perimeter of the house; 
2) the insulation is installed; 3) the 
vapor farrier is applied and sealed 
at all joints and openings; and 4) th6 
new interior finish is applied (Fig- 
ure 2.9a and 2.9bjT 

The Interior Finish 

Some wall finishes, such as Wood 
paneliAg, may be carefully removed 
and reapplied later. When replac- 
ing a wall finish, joints between old 
finishes on interior partitions^and 
new- finishes on perimeter walls; 
ceilings and floors, could present 
problems. For example, it is more 
difficult to join a hew sheetrofck 
wall to an old lath anjj piaster wall 
than it is to integrate a new sheet- 
rock wall into an existing sheetrock 
wall. 

« » 

The Structural System ; 

% 

A wood frame wall provides a 
convenient cavity for insulation, 
while solid njiasonry construction 
doesn't. Because of this, a masonry 
building \4W require a larger in- 
terior wall cavity to achieve the 
same insulative value as' an ex- 
isting frame wall cavity. This factor 



can be especially .critical in houses 
with limited interior space for the 
retrofit. 

B The Vapor Barrier 

First consider the existing vapor 
barrier. If there is one, it ' will 



almost certainly be in the wrong 
place (that is, on the cold side of the 
new wall) after the retrofit 1 ! Thero-^ 
fore, any existing vapor barrier 
should be perforated with large 
holes every 12 inches in both 
horizontal and vertical directions 
to destroy its effectiveness. Vapor 









Old Style Window 
Left irt Place 



New Style Window 
Left in Place 



Window Replaced 
And Relocated In 
New Rough Opening 
Figure 2.7 Options for exterior retro/its around window openings. 




Figure 1.9 'Problem areas - Interior retrofit 



L / KEY TO INTERIOR RETROFlt WITH VAPOR BARRIER 1 



^ DIRECTLY BEHIND SHEETROCK 



iVwall vapor barrier ■' f 

1 . Existing shingles I 1 8>tow wall finish . ■ ^ 

2. Existing roof decking 19. 2x2 stops to which tilt-up wall panels are sealed 

3^ Existing rafters , N (Refer to drawing of\llt-up 2xj framing).' * • 

4. Baffle to prevent loose fill insulation from blocking venrpath ->20. Existing floor and subjfloor J. \ * 

5. Loose fill insulation J N 2\. Existing floor joists T- ^ •> ' ^ 

6. EHisting'ceillng ioists . - V ( * * 2$. Saw ke* filled with spray pblyurethanfe foam to seal'betWeen 
^7. Existing^ceillng finish V f floor andgjftiWloor I ^ 

8. Calling vapdt barrier ?3. Rigid (eipudcjl polystyrene or foU-faced isocyanurate) blocking 

9. New celling finish V sealed t>etweer/|olsts * > 
40. Soffit vept 2 4:Oia ceding eft back 

II . Existing siding * * ^T?S>celll^ nailex ? 

12. Existing sheathing ' 26. New stud wall with t6p platetagalnst upper floor , j 

1 3* Existing stud cavity filled with insulation 27. New floor ' ■ 

14. Existing wall finish ,a 28^loor vapor barf ler 

I VCavlty between old wail finish and new studs with Insutotjpn 29 r flwtt Jnsulatlon between joists 

loTNew stud cavity filled with Insulation , ) 30. frawl space 



Figure 2.9i Interior retro/it with vapor^borrler plootd directly behind the sheelrock. 





I Existing shingles 

2. Existing roof decking 

3. Existing rafters 1 

4. Baffle to prevent loose 1 

5. JLoose fill insulation 
ftt/ Existing ceiling joists 

7. Existing ceiling finish * 

8. (VllifTg vapor barrier 

9. New ceiling finish 

10. Soffit vent 

1 1 . Existing siding V 



17. Wall vapor b>arrl<# 

18. New wall finish 

19. 2x2 stops to which tilt-up wall panels are sealed 
insulation from blocking vent path 20. Existing floor and sub-fWor 

21. Existing floor joists \ 

22. Saw kerf filled with spray polyurethane foam Jo seal between 
floor and sub-floor 

23. Rigid (extruded polystyrene or foil-faced isocyanurate) blocking 
sealed between joists / 

24. Old ceiling cut back / 
25/2x2 Ailing nailer J y 

26. New stud wall withjop p[at£ against upper floor 

27. New flogr ■ % * 
28. ,-Flool^ vapor barrier 



( 



1 2. Existing sheathing , * 

1 3. Existing stud cavity filled with insulation 

1 4 Existing wall finish * Y 

1 5 Cavity between old wall finish and new sbjds with insulation 29^ BafTinsulation between joists 

1 6 New stud cavity filled with Insulation . 30. Crawl space 

; — . — * j 



Figure 2.9b interior retrofit using tilt-up d x 4^nch /raming, Vaporjbarrier behind new studs is sealed fo neighboring 
panels (sides) and to 2 x 2-inch stops (top and bottomj. .«% * 
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barriers include both polyethylene 
film and "accidental" vapor bar- 
riers, such atf many layers of oil- 
base paint. If a cold side vapor bar- 
rier is jiot effectively destroyed, 
there is a strong 'likelihood that 
water vatoor will condense against 
it, leading to degradation of the in- 
sulation and eventually to rot with- 
in the wall structure. 

Installing a new vapor barrier on 
the house interior creates problems 
wherever the perimeter walls afe 
interrupted by the'ceiling, floor or 
interior partitions^ The accompany- 
ing illustration shows Qne tech- 
nique of installing the ^vapor bar- 
rier around existing partitions and 
joists in typical situations (Figure 

Special Obstacles 

A major obstacle to an interior 
retrofit can be space limitations. 
Sometimes this obstacle is institu- 
tional. HUD Minimum Property 
Standards specify minimum room 
widths and ceiling heights. Other 
times, the obs||ples are practical. 
For example, a 12-foot wide dining 
room may feel adequate, while an 
lt^foot dining ipom feels cramped. 
Stairs and corridors adjacent to 



perimeter walls can limit the depth 
of an added wall cavity. There are 
three possible optior^or thejjte*^ 
signer wli&n obstacles m hit in ferior 
space: 1) accept the loss of space 
t for added insulation; 2) accept a 
* lower R-valub; or 3) accept the cost 
of more expensive insulation mate- 
rials that provide a higher Revalue/ 
inch (rigid insulation 'panels). 

Other obstacles like cupboards 
and counters can be removed and 
reinstalled or replaced in order to 
attach 1he \tapor barrier behind 
them; however, stairs are much 
more difficult and expensive to 
work around. Ideally, ,the stairs 
would be removed while the insu- 
lation and vapor barrier are fitted 
along the wall (Figure 2.11). This^ 
technique is costly unless the stairs 
need replacement anyway. A more 
realistic alternative is to leave the 
. stairs in place and seal the vapor 
barrier to the stairs. While the task 
of sealing the vapdr barrier to 
every, tread and riser will be time 
consuming, this technique will be 
less expensive than rebuilding the 
stairs. 

Wiring and Plumbing 

As menti6ned, if a gut rehab is 
planned, the plumbing and wiring 



should notlma problem since they 
will probably be replaced anyway, 
However, with a partial retiftb* 
both must be closely examined to 
eliminate problems. Freezing pipes 
may be a problem if original plumb- 
ing is left outside the new insula- 
tion. Also, plumbing fixtures may 
have to he relocated to .make room 
for new insulation and thpt may be 
costly. § 

Old electrical wiring presents a 
different kind of problehi. Cftriginal 
electrical systems ar£ often not 
sized to accommodate modern elec- 
trical needs. The old "knob and 
tube" wiring, common before 1930, 
is generally safe as installed, but 
when it is improperly spliced, it can 
overheat -(Figure 2.12). This lieat is 
usually released without a problem 
in an uiiinsulaA^ wall cavity. But 
once the wire js surrounded by in- 
sulation, the temperature of ^the 
wire may feach the kindling tem- 
perature of surrounding materials 
and a fire is possible. This problem 
is aggravated in modern house; 
holds that overload tlje old circuits 
with too many^ppliances. / 

All wiring must be closew ex- 
amined and inspected by locaf elec- 
trical inspector^ prior to a retrofit, 



CEILING 



Vapor Barrier Sealed To Studs And 
Blocking With Continuous Bead Of 
Acoustical Sealant 

Extruded Polystyrene Blocking 
Fitted And Sealed Between Studs 

Nailer — 




Yi Inch Sheetrock Frieze 
Applied Over Opening 

Original Lath And Plaster 
Cut Bade ^ 




Install Horizontal 2x4 Blocking At 24 Inches O.C 
Nail New Stud To Blocking 
Cut Lath And Plaster Back To First Stud 



tstall New Sheetrock Flush With Existing Plaster 
Vapor Barrier Runs Continuously Past Partition 



Location Of Old Partition 
End Stud 



Install Blocking Same 
As With Celling r- 



Vapor Barrier Sealed 
To Blocking 



Re-Install Original 
Baseboard 




flfimove Baseboard And 
Oit Back Lath And Plaster 
As Necessary 



2x4 Horizontal Blocking At 
24 Inches O.C. 



New Interior Wall Framing 
2x4 Studs At 24 Inches, O.C 




First Stud To Which 
^ Partition Plaster Is Cut 
Pack 
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Figure 2.10 Details showing how vapor bonier is installed to bridge partitions. 



FIGURE 2.11 Installation of vapor barrier at stairway. (Undent 

t— 7 — - ,f . v — 1 1 v 

particularly if you plan to leave ex- electrical boxes in the walls ^re not cable TV or extension phones), 

isting wiring in place. Even rela- long enough to reach the new boxes avoid puncturing the vapor barrier 

tively new wiring in the outside after the walls have been retro- with electrical switches, fixtures, 

walls may*have to be replaced if fitted. Also, when planning the In- ancl outlets whenever possible. Ob- 

the extra lengths of wire left in stallation of new wiring (such as for viously, there will have to be at 




Figure 2.12 Knob arid tbbe wiring. 
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Existing Wall 



Problems With Openings 
Occur At These Places — . 




Interior 
Partition 



Figure 2.13 An interior retro/It <tnp be qampticaled wherever there are openings. 



least one ptocjp'where the wi 
passes thptrtlgh the vaporHfrarrier, 
Plan all of the wiring ahead of time 
so that all possible penetrations 
can be confined to one location 
which can then be easily sealed. 
Furthermore, the fiousa should be 
prewired for telephone and cable 
TV- so those services can run 
through a planned and sealed pene- 
tration: 'You don't want to build an 
airtight house .only to have a the 
phone installer come and poke 
ho^es in it. 

Fireplaces 

A fireplace f)long a perimeter or 
outside wall can causfe more prob- 
lems in an interior retrofit than in 
an exterior retrofit. Since a fire? 
' ftlafce migkt be a major {design ele- 
ujent, "the owner may be reluctpnt 
to covter and insulate this part of 
the wall. But in order to achieve a 
thermally efficient interior retrofit, 
the fireplace shmild be insulated 
and se'aled off and made jpope^able 
to prevent infiltration and loss of 
heat through an open flue. One pos- 
sible, solution to this ptablem is an 
Jfbcterior retrofit of the fireplace 
and chimney mass. Keep in mind 
that operating a -fireplace in a tight- 
ly sealed house can create indoor 
air pollution problems, presenting 
another reason^ for making the fire- 
place or wopd stove inoperable. 

* Doors y$nd Windows 

Occasionally a door or window 
opening will be so close to the 
corner of an adjoining wall that 
adding an interior wall would 
significantly narrow) the width of 
the existing door or window (Figure 
2.13)., This situation forces the 
designer to limit th<jf thickness of 
the new wall and insulation or Jo 
use high-R rigid insulation to 
achieve a higher insulation level 
With less loss of space. The same 
problem occurs with openings in in- 
terior partitions th^tintersect the 
perimeter wall. 

Finishing door and window open- 
ings is more difficult when the 
walls are insulated with rigid 
panels. Because rigid insulation is 
applied without framing, there is no 
surface on which to attach the 
jamb extenders or window trim. 
Therefore, either framing must bf 
added around doors and window* 
or more complicated jamb extend- 
ers must be assembled {Figure 244, 




2.15 and 2.16). If no vapor barrier 
film is being installed, as is the case 
with the polyurethane/sheetrock 
laminate, all joints between sills, 
jamb extenders, trim and neighbor 
ing panels must be wl&U cauttted.* 

OTHER 

important 
considerations; 

in a major ' 
energy Retrofit 

There are several other factors 
that should not be forgotten' when 
planning a retrofit. These do not in- 
' flueitce the choice fc of different 
strategies but are ecjfhally impor- 
tant to the overall; success of the 
proj^ct.^Some factors dpply specifi- 
cally to a superinsutation retrofit. ^ 

Interior Combustion Devices 

Combustion devices ought to be 
avoided in an airtight house. That 
means all gas or oil stoves, water 
heaters, furnaces, and boilers 
shoiild either be replaced by elec- 
trical devices or, - following the ad- 
vice of an Ohio grantee, separated 
from the living space by an airtight 
enclosure vented to the outside. 
vThis*also means that the occupants 
of a superinsulated house should 
avoid the use of fireplaces or wood 
' stoves because of possible indoor 
air quality problems. For more in- "„ 
formation, see the DOE publication 
entitled "Introducing Supplemental' 
Combustion Air to Gas-Fired Home . 
Appliances/' available from your 
state energy office, the National 
Center for Appropriate Technology 
and U.S. Government Printing Of- 
fice bookstores. - * 

AiHoAir Heat Exchangers 

An airtight house needs a mech- 
anical means of exhausting stale in- 
door air and of supplying fresh air. 
Air-to-air' heat exchangers are de- 
signed to do just that while reclaim- 
ing the heat in the exhaust air. The 
complete retrofit strategy must in- 
cftide a ventilation system to ensure 
9 regular* exchange of air. the in- 
stalled air-to-air heat exchanger 
ought to bid equipped with a defrost 



cycle and a range of controls that 
* can • effectively serve the entire 
house. For more information on this 
subject, see the DOE publication 
^entitled "Heat Recovery-Ventila- 
.tion Systems for Energy-Efficient 
Houses/' available fron\ your state 
energy office, the National Center 
for Appropriate Technology or 
U.S. Government Printing Office 
bookstores. 



Attic Venting 
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Whether pn interior or an ex- 
terior retrofit Js .planned, proper 
roc/f venting needs tp be designed. 
Even if a vapor barrier has been in- 
stalled tcTkeep interior moisture out 
of the attic space, there is a possi- 
bility * <j£ n^isture from outside 
sources (humid air, roof leaks* 
blowing snow) occurring in the a£~ 

* tic or under the roof deck. If the air 
underneath the roof reaches the . 
dew point, condensation -can bccur, 
causing potential moisture 'prob* 
lems within the structure* For more 
informatics, see the DOE publica; 
tion, "Moisture and Home Energy 
Conservation: How to Detect, Solve 

* and Avoid delated Problems," 
available from your state ^energy of- 
fice/the National Center for Appro- 
priate Technblogy o%U.S, Govern- 
ment Printing Office bopkstores. 

If the insulation is installed 
above die ceilingr as many grantees 
did, ventilate the attic space with a 
combination of soffit, gable end, 
ridge and roof vents. Use the. ac- 
cepted aftic vent sizing for your 
particular climate. If the insulation 
is installed under the roof deck, be 
certain thfat a minimum of one inch 
of air space is maintained between 
the roof decking a^d the insulation. 
'This air space needs to be vented. 
Proper venting presents -condensa- 
tion and prolongs the life of the 
roofing by keeping it cool in the 
summer. 

Cutting Bade Pcwtition^iHi^sT^ 

Most retrofit manuals, recom- { 
mend carefully* cutting back the 
finish surface on partitions and 
ceilings so thiat the vapor barrier 
for an interior retrofit can be in- 
stalled. This tedious cutting and re- 
installating of finish / material is 
very Time-consuming and costly. 



4 



'I "?A 

t >c 



Extender Jamb* 
Framing Unit 
(See Detail Below) 




Typical wSlI k / 
At 8 Ft. High J i 



Maintain Strlpit Nailers 
Of) 24 Inch Centers For 
Easy Installation Of , 
Sheetrock 



lamb Extender 

Pre-lnstaUed 

Vapor BaKler' 
Using A Double- 
Back Fold At 
.Corners — - 




I 



Wall Vapor Barrier 
Sealed To Pre- * 
Installed Vapor 
Barrier Flap - 



Hew Sheetrock - 

New Ot Existing 
Case Trim 
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Pre-Assenibled 
Framing Unit: 
2x3 Framing 



Pre-lnstailed Vapor 
Barrier Flap — — — 



)amb Extender 




2x4 Studs At 
: 24 Inches OC 




Existing 
Casing I 



l A Inch Reveal Allows 
Easier Accuracy 
(Apply Sealant At 
This Point) 



Figure 2,14 Extra 
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Pre-Assembled Extender )amb Unit With Yapor 
Barrier In Place * ' 

ing is required around window openings when rigid insulation is used. 



One should carefully weigh thecost cost less and will produce a more windows in this handbook, but they 

of cuttingback against the coat of satisfactory result. should not be ignored in any energy 

stripping entire walls and Ceilings, WJ ,; retrofit Triple glazing Is recom- 

and applying aH new finish mate- , windows mended in most climates. An IT* ^ 

rials. Often the latter approach will Little specific attention is paid to Wnpis grantee recommends quadra- *$ 



pie glazing in Very cold climates. 
The existing window system must 
be analyzed to arrive at the best 
strategy Njop) reducing heat loss 
through windows. How many lay- 
ers of glazing are currently in 
* place?. Are the materials of which . 
the window$7are«built sound or rea- 
sonably repairable? Are the win- 
dows airtight or can tbfy be made 
airtight with moderate effort? Are 
the windows on the east, west and 
north sides of the house property 
sized with respect to heat gain, 
heat loss, daylighting and ventila- 
tion requirements, view, atkj archi- 
tectural style? 

There are severer options for im- 
proving the energy efficiency of 
windows that were explored by 
DOlS grantees. They fcan be re-^ 
paired and supplemental layers of 
glazing installed as needed. They 
can # be replaced with a new win- 
dow system. Unnecessary openings 
can be covered, filled with insula-" 
tion, and finished in ^manner ap- 
propriate to the style and materials • 
of the house. Movable insulation 
can be added; however, it is gener- 
ally quite expensive! For more in- 
formation on this subject, see the 
DOE publication, "Window Insula- 
tion: How to Sort Out the Options," 
available front your state energy of- 
fice, the National Center for Appro- 
priate Technology or U.S. Govern- 
ment Printing Office bookstores. 

poor? , 

Doors should also be upgraded. 
iPoam-core doors are available with 
higher Revalues. Good weather- 
stripping is also essential to reduce' 
infiltration around doors. An air- 
lock entry will reduce heat loss and 
could be added if the existing house 
plan can accommodate this feature 
at a reasonable cost. However, the 
benefits generally do not merit the 
construction of a completely new 
space for the air-lock entry. 



Using Either Scheme And Either Product. All loints Between Sheets Are Sealed 
And All Wall Surfaces And Case Trim Is Painted With Vapor Barrier Paint 
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Insulwall or Thermawall 

Case Trim Glued To Sheetrock. Nailed And Sealed 
To The lamb Extender 

lamb Extender Secured With Counter-Sunk 
Woodscrew 

Sealed Joint 

Existing Casing 



InsuKval or Thertpawall 

Case Trim Glued To Sheetrock. Nailed And Scaled 
To The lamb Extender 




Pre^Assembled VL-" Shaped lamb Extender Nailed To 
Existing Casing 

Sealed JtfHtfs ^ 
Figure 2.15 Jamb extenders need to be scaled when using rigid insulation. 




Sheetrock With 
Corner Bead 



2x2 Nailer 



Trim 



Va! 
Fol 



ipor Barrier Installed Using A Double-Back 
Id And Sealed To Existing Casing 




uarter Round 



Vi Irfjtf'/i In. Wood Jamb 
Extender And Trim 



Sheetrock Surround 
And Corner Bead. 

FIGURE 2*16 Options for finishing window; openings when using a new 7-inch frame 
and fiberglass retrofit stTategyr-^^^ 
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By this, stage in the planning 
process, you should have answers 
io the following three questions: 
1. Is your house suited for a ma- 
jor energy retrofit? 
?. ytitirfhe retrofit work occur 
on the inside or outside of the 
house? 

3. What special problems do you 
face in retrofitting your par- 
ticular house? N 
' Once thqse questions have been 
answered, the next step is to deter- 
mine which particular retrofit 
strategy be5 fits , your needs and 
pocketbook. Before you crfn make 
this decision, you need to ansWfcr 
one very important question: How 
much insulation is necessary in 
your climate to achieve the desired 
reduction in infiltrative and con- 
ductive heat losses? Optimum in- 
sulation levels for a particular 
climate can be obtained^ by first 
performing heat loss calculations 
for your building envelope and then 
making these same calculations 
assufning the addition of insulation 
and* a vapor K 4jflWttfi\ Start at a 
superinsulated R-value and work 
down until you arrive at an annual 
heating load' that is acceptable. The 
amount of insulation you add will 
vary with the severity of your 
climate*and your retrofrt budget. 

Generally accepted superinsula- 
tion standards for houses in,«reas 
with 7,000-9,000 degree days at to- 
day's fuel prices are as follows: 
R-20 under the floor, R-25 in tthe 
walls below grade, R-40 in the 
walls above grade, and R-60 in 
attic. Houses in the 5,000-7,i 
degree day zone need less insul 
tion and houses in the above 9,0C 
degree d$y zone require more insu 
lation to meet superinsulation 
standards (Figure 3.1). 

For climate zones with less than 
5,000 heating degree days, the piq- 
ture is more complex because ener- 
gy costs are more evenly divided 
between heating and cooling (in the 
deep South, energy coats are dom- 



inated by cooling). Vapor barrier 
placement becomes tricky in south- 
ern climates as more insulation is 
added. Standard practice dictates 
that the vapor barrier should 
always be on the warm side of the 
wall to prevent moisture problems. 
In the South, the warm side is on 
the inside surface during winter 
arid on the outside in the summer if 
the house is cooled. This is not a 
problem in the arid Southwest, but 
* in the hot, humid Southeast con- 
densation problems could occur in 
air-conditionAd houses with an inv 
proberly located vapor barrier. The 
problem may also occur in some 
" Mid-Atlantic states and in the 
lower Midwest. The strategies in 
this handbook are designed for only 
northern tier states where conden- 
sation problems in walls derive 
mainly from moisture moving from 
the inside ,out Houses in the South- 
east can be made more energy effi- 
cient, J>ut the techniques to accom- 
plish this are different from those 
described here. 

This chapter presents and com- 
pares a wide range of retrofit op- 
tions for walls, attics aijd below- 
grade areas to help designers and 
owner-builders choose and develop 
an ideal strategy within budget 
constraints.VThe major emphasis 
here is on wall strategies since that 
part of the building is easiest to 
compare by co&t and by potential 
advantages and disadvantages. 
The disgussion on wall strategies is 
divided between exterior *nd in- 
terior walls, with masonry and 
wood frame >valls examined sepa- 
rately because construction tech- 
niques and materials differ for the 
two stnictural types. 

The wall strategy chosen must be 
part of a larger strategy that in- 
cludes floors, ceilings, windows, 
ioor openings, partitions, and 
Jtaira. All these elements must be 
mtegrated into the final retrofit 
strategy to make the project a 
success. 



Each of the wall, attic and floor 
sections referred, to in thifr chapter 
are described in detail in a series of 
tables in Appendix A. The tables in- 
clude detailed materials lists, cal- 
culations of composite R-values and 
construction costs, and a cost/R/ 
square foot ($/R-*q.ft.) figure /or 
each strategy. Formulas are in- 
cluded to help you make similar cal- 
culations for any wall, roof and 
floor you might consider. 

For your reference in reviewing 
the schematics presented in 
Chapter 3, Figures >3.2 and 3.3 pre - 
sent' eight representative wall sec- 
tions that depict the various build- 
ing materials used in rejfrofit and 
describe the graphic symbols tfsed 
to illustrate thelfe materials. 

EXTERIOR WALL 
RETROFITS 

A variety of exterior wall retrofit 
strategies are presented here; some 
are for a masonvy structure, others 
are designed for a wood frame 
building. They all vary in the con- 
figuration and type of materials 
used, the $/R7sq.ft., and the result- 
ing thermal cha&cteristics of the 
new wall. The following discussion 
is intended to illustrate the dif- 
ferences and help you weigh the at- 
tributes of various insulation prod- 
ucts andjnstallation techniques iff 
choosing^^ f ^i;rate©r most appro- 
priate for your particular house. 

Masonry _ 

The masonjy wall does not have 
a cavity to fill with insulation and it 
is relatively difficult to attach frank- 
ing to it. The primary decision 
when working on a masonry wall is 
whether to construct an insulated 
frame wall over the masonry wall 
or apply rigid insulation directly to 
it. Coat is the ntost important differ* 
ence between these two tech- 
niques. Mafty rigid ins\Uation prod- 



Figure 9.1 Generally accepted insulation levels /of sttperinsulation construction. 



ucts are applied with adhesive* 
reinforcement and a stucco-like 
jfinish, eliminating some of the cost- 
ily labor connected with applying a 
'finished surface to \$n insulated 
frame wall, Theset products are 



generally available Yn a variety of 
thicknesses ranging from 1 to 8 
inches. Although lat^or coats for 
building either a curtain wall or at- 
taching a strapping system are gen- 
erally higher than gluing rigid in- 



sulation to the wall,4he total cost of 
the latter is usually higher because 
of the high materials cost. > 

Rigid insulation does, however, 
have certain important advantages 
over fiberglass insulation. It doesn't 



EXTERIOR WALL INSULATION RETROFIT OPTIONS 
E.M. : Exterior Retrofit Of Masonry Walls 
E.F. : Exterior Retrofit Of f rame Wall 




I i inch 
Curtain ' 
Framing 




Existing 
Masonry 
Wall - 
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- — Fiberglass Batt 
t r Insulation 

\ \ 
— Vapor Barrier 

Cavity Filled 
} With Blown 
Cellulose 

Exterior 
Siding 



Siding 
With Stucco 




Cavity Filled 
With Blown 
Cellulose — 



4 In. Dryvlt® 
Exterior 
Insulation 
System 



..... 7 Inch . 
Curtain 
Framing 

Existing , , 

Frame Wall 




Figure 3.2 Exterior wall insulation retrtfit options. These /our exterior wall sections show representative insulation 
materials and framing techniques used in the /allowing discussion. These same architectural materials symbols appear 
throughout the text. . 
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lose R value in high winds; fiber- stucco-like finish. The major draw- 
glass does (the effective R-value of back to this system is that it can 
fiberglass decrease, as wind only be applied to sound, unpainted 
passes trough gaps in the siding masonry or stucco. If the masonry 
unless an infiltration harrier, tujb^is crumbly or the surface is uneven 
not a >apor barrier, is used bf or painted, the wall must first be 
tween thr-siding and tfie insula- covered with waterproof sheetrock. 
tion). Also', replicating existing The two Wells shown demon- 
masonry featuresrW»Uing or strate the cost advantage gained by , 
arched openings—is possible using increasing the thickness of rigid in- 
polystyrenef tjfort is covejad, with a sulation (Figure 3.4). A 4-inch adpli- 

.28 : • *.\ r ■ 



cation of the insulation in E.M.I 
yields an R-19 wall at $.34/R-sq.ft, 
while an 8-inch wall in E.M.2 yields 
an R-35, wall at a cost of only 
$.20/R-sq.ft. The cost of materials 
increases, while the cost of labor 
remains about the same. 

Two strapping systems uf differ- 
ent depths aft also Illustrated (Fig- 
ure 3.5). E.M.4 has three layers of 
2X4 framing filled with fiberglass, 



bringing it to R-34 at a coat of only 
$.18/R«sq.ft. The two curtain wallt 
shown are of the same depths as 
the two strapping walls but are less 
expensive because of both labor 
and materials savings (Figure 3.6). 
The curtain wall strategy in EJM.6 
provides an R-r35 wajl at a cost of 
Only $.16/R-sq.ft. Remember, 
though, that strapping may be 
easier to install tor the owner- 
builder. ' 

All of these masonry wall retrofit 
examplqs include a stucco or 
stucco-Uke finish. Bear in mind that 
virtually any kind of finish U possi- 
ble on these retrofits, depending on 
owner preference and pocket book. 
.Even a brick|yeneqr is possible, pro- 
vided that me new framing is 
strong enough^to support such a a 



fiAish. 



Wood Frame 



Wood frame walls may be eas}er 
to retrofit because the new framing 
$an be nailed or screwed directly 
into the existing wood frame. The 
existing cavity may be blown full of 
cellulose or other loose fill insula- 
tion without having to patch any of 
the holes since they will be covered 
by the new wall. Therefore, enough 
holes can be drilled to make certain 
that every cavity is completely 
filled. * 

If the existing cavity is insulated . 
like E.F.I, then the curtain wall * 
need only be 7 inches in depth to* 
achieve a higlr-R wall of R-38 at a 
cost of $.13/R-sq.ft. (Figure 3.7). A 
similar R value could be achieved 
at a sligkfiy lower cost by building 
an 11-inci curtain wall and leaving 
the exist|bg cavity unfilled (E.F.2). 
Howev^the added wall thickness 
may put^roe outside wall too close 
to an existing property line. It may 
also make the window openings ap- 
pear too deep if thp existing win- 
dows are used. V 

The Ldrsen truss system also 
leaves a large cavity for fiberglass 
insulation. The two Larspn truss 
walls shown (E.F.3 and 4) don't dif- 
fer much in either cost or R value 
whether the existing cavity is filled 
or left empty (Figure 3*8.)* 

E.F.5 reaches R-26 at a cost of 
$.17/R-sq>ft, demonstrating that a 
large share of ihe curtain wall 
costs are fixed regardless of depth 
of the retrofit (Figure 3.9). . Once 
those fixed costs are incurred in a s 



INTERIOR WALL INSULATION RETROFIT OPTjONS 
l.ML ; Interior Retrofit Of Masonry Walls 
hW.-i Interior Retrofit Of Frame Walls 
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Fi6urk 3.3 Interior wall insulation retrofit options. Those 
/our interior wall sections show representative insulation 
materials and /raming techniques used in the/oNotving 
discussion. These same architerturdbnaterials symbols ap- 
pear throughout the text 
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major retrofit, you should seriously 
consider adding the extra depth 
necessary to bring the retrofit up to 
superinsulation levels for cold 
climates; Adding the fiberglass in- 
sulation to raise the R-value from 
26 to 37 would cost less than 
$500.00 &r 1,000 square feet 'of 
wall retrofit. ' " 

For comparison, 2 inches of poly- 
styrene rigid foam insulation is 
added to the putsideV&aming in 
E.F.0, making an R-34 superin- 
•ulated wall at about $.14/R-sq.ft. 
(Figure 3;©).' Rigid insulation is 



useful oW exterior retrofits where 
space limitations are a factor. You 
might want to use it to insulate the 
wall between the house and the ga- 
rage, Ir^you can't sacrifice garage 
_ space. '.-•> 

Under most circumstances, cur- 
tain wall framing (either staikftfti 
2 x 4 framing or the l^rsen truss) is 
the'jnost cost-effective exterior ret- 
rofit strategy. Yhls type of framing 
is generally straightforward, al- 
moijtooints between the new wall* 
and omer parts of the building can 
complicate the joh^These joints be- 
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E.M.I. 

Masoriry wall. 4" exterior- 
finished polystyrene > 
R-19 

$.34/R/sq.ft. 

Fig. 3.4 • • 




E.MU2* 

Masonry wall, 8" exterior- 
finished polystyrene 

$.20/R/sq.ft. 





Masonry wall, 7" 

strapping 

R-25 

$.22/R/sq.ft 

Fig. 3.5 

J 



Masonry wall, [OV2" 

strapping 

R-34 

$.18/R/sq.ft. 



tween wall and attic/ceiling/roof However, this cost comparison can 
and the periuieter/basement/crawl not account forjproblems caused by 



* 



space need to be tightly seeled (see 
Chapter 2). * . 

INTERIOR WALL , 
RETROFITS 

Generally, these interior retrofit 



obstacles. Interior retrofit is usual- 
ly relatively free of obstacles, while 
interior floors, ceilings, partitions, 
stairs, and cupboards will probably 
present problems when*- installing 
the vapor barrier and insulation; 
The one exception to this rule is the 
gut rehab in which all inte^or 



options cost less than the exterior partitions are removed. In thte 

retrofits as measured iby $/R-sq.ft. case, each level pr floor may 5e 

That is because the cost labor wrapped to Its own vapor barrier, 

and materials for sheet rock is maUng!|abor costs comparable to 

miich less than for exterior siding, those pf^M exterior retrofit: 
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Space rather than cost is often a 
deciding factor in choosing the 
most appippriate strategy. The 
cheapest ana easiest methdd of 
achieving a high R-w,all is usually to 
frame an additional wall cavity and 
fill it with fiberglass. However, 
where interior space is at a pre- 
mium and a high R-value wall is the 
objective, the. techniques using 
rigid insulation panels are more 
appropriate. 

Masonry 

Since the masonry wall does not 
proviije a wall cavity to fill with in- 
sulation, i£ generally requires a 
greater sacrifice of interior • space 
to achieve an R-value comparable 
to a wood frame wall. The alterna- 
tive is to use a more expensive high- 
R rigid insulation. 

Thfc high-R polyurethane/insula- 
fton ! laminate 5 panels seW space 
and reduce labor costs because the 
insulation and wall finish are in- 
stalled in one step. However every 
joint between - panel edges and 
other pafcls, openings, floor, ceil- 
ing, etc. must be caulked^JWindow 
trim anH baseboards are -diftrclilt to 
nail to the new wall #Mgid insula- 
tion since there i$ no framirifc. 
^Another disadvantage is that there 
is no cavity for tne plumbing and v 
wiring. 

installation of the polyurethane/ ,\ 
sheetrock laminate (LM4) is cheap- 
er than installing fo&feGpd iso- 
cyanurate foam and , ^tjfoetrock 
(I.M.2) due to the reduceid labor 
costs of the oha-step installation 
(Figure 3.10). 

The third rigfd insulation System 
shoWn (polystyrene panels, LM.3) 
compares favorably in price tp a 
frame wall with fibergl^s, al- 
though that price doesn't include 
the extra cojjrt of framing^ fijffltn^u N 
surface to attach windtrtv jamb ex£ 
tenders and trim (Figyte 340). Note 
also that polystyrene is thicker per 
ft tjian jpolyurethan^ and isocyanu- 

tatefbam* ■ 2- > 

1% three walls shown in Figure 
3lJ^mploy standard framing tpch 
v tU^es^Neither lvM'4 or LM.5 take 
advantage of the cavity that rela- 
tiyely high tto$l framing can pro- 
vide. In contrast, I.M.e^creaJes an 
11-inch cavity and takes advantage 
of the relatively low cost of flbetv 
fclass insulation. LM.6 yields an 
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E.M.5 

Masonry wall, 7" 
curtain wall 

$.2l/R/sqit. 

Fig. 3.6 



Masonry wall, 11" 
curtain wall 
R-35 

$.l6/R/sq.ft. 




Frame wall. 7" curtain 
wall, filled existing cavity 
R-38 

$. 1 3/R/sq.ft. 




E.F.2. 

Frame wall, 11" curtain 
wall unfilled cavity 
R-37 

$.!2/R/sq.ft 



Fig. 3.7 



R-38 wall (superinsulation level in insulation material and the amount 
cold climates) at a cost of only applied. 

$.10/R-sq.f.t/ This strategy does, Wall$ I.F4-3 all use rigid insula- 



however, 
space 



forfeit more interior 



Wood Frame 



There are two basic systems ap- 



tion; they vary in insulation thick- 
ness, r application technique and 
cost (Figure 3.12). The advantages 
and disadvantage of UM, the 
polyurethane/shemrock laminate, 
remain the same: low labor costs. 



plied to an interior wood frame problems with vapor barrier instaK 
retrofit— rigid insulation and . iT^ation and high materials cost All 
framed wall filled with fiberglass, three alternatives are appropriate 
There are, liowever, numerous va*v for coo) climates (5,000 to 7,000 d* 
iations depending upon the specific gree days). 



4 

Waif I.F.4 employs frame and 
fiberglass* to achieve * similar 
R values to I.F.1-3 but at a higher 
cost because of the labor involved 
in framing (Figure 3.13). £y adding 
only 2 inches of rigid roam insula- 
tion to I.F.4, you can Achieve a 
superinsulated wall for cold 
climates (7,000 " to 9,000 decree 
days) at 1 if cost equivalent to a 
frame arid fiberglass wall, 

Walls LF,5^10 employ some form 
of framing and fiberglass batt in- 
stallation (Figure 3.14). The largest 
single cost of these walls is the 
labor for framing. Superinsulation 
levels for cold climates are reached 
in Walls I.F.6-40 for an avera&fc of 
$.lG/R-sq.ft., a little lefes than the 
rigid insulation strategies. ■ * ■ 

The R-51 walfiir I.E.7 forfeits 
considerable space and this much 
insulation is probably not currently 
necessary in the continental United 
States. (Parts of Canada and Alas- 
ka may benefit from this Revalue 
and rising fuel costs could make it 
cost effective in 'other parts of the 
northern tier of the United States.) 

The primary difference among 
tF.8-10 is the size of the new wall 
cavity and the use of the existing 
wall cavity (Figure 3.14). The 
strategy for I.F.7 avoids the cost of 
cutting into the existing cavity to 
blow in insulaton and builds a new 
1 1-inch wall cavity, sacrificing 
usabl^friterior space. 

I.F.9 is similar to I.F.6 except 
that all the fiberglass insulation is v 
installed in one step using 
7-l/2 : inch batts, leaving an unin- 
sulated cavity behind each new, 
stud. Iris important to fill all parts 
of a wall cavity to eliminate convec- f 
tion loops through unfilled cavities 
that increase heat loss. In I.F.5 the 
batts are installed in two steps: 
3-1/2-inch batts installed horizon- 
tally between the existing wall and 
the new studs, and then 3-1/2-inch 
batts installed vertically between 
the new studs. Note that wen 
though the labor for insulating I.F.9 
is lower, the totaT R-vaJue;of the 
wall is lower and the*$/R*q.ft. is 
higher. 

With I F.ib, the existing wall 
finish is .removed and the cfavity is 
filled with fiberglass insulation 
prior to the construction of the new 
framing. If an interior retrofit is 
planned with $ minimum of interior 
demplitton, or if the existing in- 



I 

terior walls pow a demolition prob- 
lem, then it mvn to blow them- 
fisting cavity full of cellulose (l.FP). 
But, if a gut rehab is planned, it 
would pay to strip theA perimeter 
walls *nd install fiberglass as illus- 
trated in 1.F.10, 

While the frame and batt walls 
(I .KB-10) generally provide a 
greater H-value at a' lovtot -price, 
there Is a rigid insulation whfch 
provides comparable thermal bene- 
fits at * similar price, 

Wall IJ.U is comprised of 3 
inches of polyurethane laminate 
and ^existing pavity fiUedvWith 
cellulose, It uses Very little space, 

ilr ch ?^ at o «f St - Frame wall: 7," Ursen 




$.07/R-sq.ft. (Figure 3.15). 



■ c . 



truss, ftllexi-existlng cavity 
R~38 • 
$ 13/R/sq.ft. 

Fig* 3.8 




E.F.4. 

v Frame wall, 1 
Truss, unfilled 
R-37 

$.ll/R/sq.ft. v 



1" La r sen 
cavity 






E.F.5. 

Frame wall, 7" curtain 
wall, unfilled cavity 
R-26 

$.17/R/sq.ft. 



Fig. 3.9 



Frame wall, 7" curtain ■ 
wall plus 2" polystifene, 
unfilled existing cavity 
R-34 \ 
^.U/R/sq.ftS^J 



E.F.7, 

Frame wall, 7" curtain 
wall plus 1 fqjl-faced 
isocyanurate, unfilled 
cavity 
R-34 

$.15/R/sq.ft. 



THE 
ATTIC/CEILING/ 
ROOF RETROFIT 

Since heat passes up through the 
top of the building more readily 
than out through the walls, the roof 
and ceiling must also be carefully 
considered if the retrofit is to be 
successful. More insulation should 



be installed in the attic or roof than' 
in the walls. Since warm air rises 
and may leak out the top of the 
house, it is critical to make the joint 
between the ceiling orwrf and the 
walls as airtight as possible. 

•> 

Attic 

" ' •'! 
; Most houses have ah 
rating the ceiling and 




attic space is easily filled with 
loose-till insulation, a common ap- 
proach used by a number of DOE 
grantees, both Attics 1 and 2 retro- 
fit strategies demonstrate how in- 
expensively superinsulation levels 
can be reached' using blown insula- 
tion (Figure 3.16). Note that both 
examples show a continuous vapor 
barrier applied between the exist- 
ing ceiling arid the new sheetrock 



I.M.I/ 

Masonry wall, 3" 

sheetrock/polyurethane 

laminate 

R-26 

^09/R/sq.ft. 

Fig. 3.10 



Masonry wal(,2Mf*''fQil- 
faced isocyanurate 

$.l6/R/sq.ft. 




Masonry wall/6" ~ 
expanded polystyrefMfi^ 

Rr28 

$.l2/R/sqft. 




I.M.4. 

Masonry wall, interior 
frame and VA" fiberglass 
bait \ 
R-14 

$.26/R/sq.ft. 

Fig. 3.11 * 




I.M.5. 

Masonry wall, interior 
frame and 7" fiberglass 
batt 
R*25 

$J4/R/sq.ft. 




I.M.6. 

Masonry wall, interior 
frame ajtfKl 1" fiberglass 

J>att a v 

T*-38- f 
$.10/R/sq.ft. i 



finish that can easily be sealed to 
create an airtight joint between the 
Walls and the ceiling. The attic ret- 
rofit' strategies -illustrated here are 
generally easier than the exterior 
roof retrofit. Be certain the ceiling 
can support the extra insulation. 

Ceiling 

If the celling is actually the 
underside of the roof deck, with the 



rafters exposed, such as Ceiling 1, 
then the simplest strategy is to add 
fiberglass between the rafters and 
cover them with a new vapor bar- 
rier and aheetrock finish (Figure 
3.17). Celling 1 costs-$.15/R-eq.ft to 
achieve an Rvl4>- which is com- 
pletely inadequate in northern 
climates. 

TJhere .ate, however, two tech- 
niques for building up extra insula- 



tion in a house without a ceiling 
space: adding high-R rigid insula- 
tion or adding another layer of 
framing and fiberglass. Ceiling 2 
fills the existing cavity with fiber- 
glass between the rafters and then 
attaches .3 inches of the polyure- 
thane/sheetrock laminate to the 
underside of the rafters. It achieves 
R-35 at a cost of $.l(VR-sq.ft., 
which is still less than superinsula- 



ERLC 



Frame wall, \W 
sheetrock/polyurethane 
laminate, filled existing 
cavity J 
R-27 

$.09/R/sq;ft. 

Fig. 3.12 



tion levels for cold climates, but an 
adequate retrofit/ if headroom is 
limited. / 

When headroom permits, a sus- 
pended framework for insulation 
and a new ceiling it the ideal solu- 
tion. Ceiling 3 provides a strategy 
for arriving at an R-52 ceiling at a 
cost of frO^/R-sq.ft. Another advan- 
tage of thi$ strategy is that the ceil- 
ing vapor barrier is relatively easy, 
to join to the wall vapor barrier. 

Roof 

Ideally, one would wrap the 
vapor barrier and insulation right 
over the roof, sealing the roof to the 
walls, making a-^vpry airtight 
house. An R-60 itx>fifetrofit would 
cost $.11/R«q.ft., while filling the 
ttic with loose-fill insulation to an 
/R-60 level would only cost $.04/ 
R-sq.ft. The difficulty with this less 
expensive approach is that < the 
vapor barrier installation is more 
difficult. A new vapor barrier can 
'be applied continuously beneath 
the existing ceiling, sealed to the 
wall vapor barrier and then cov- 
ered with new sheetrqclc However, 
this causes . a construction mess 
usually avoided with an exterior 
retrofit 

Roof 1 shows an ideal exterior 
roof retrofit (Figijre 3.18). The 
vapor barrier is laid over the exist- 
ing roof and sealed to the Wall 



I.F.2. *; 

Frame wall, 3" expanded 
polystyrene, filled existing 
cavity " * 
R-29 

$.1 l/R/sq.ft. ■ 




< 



I.F.4. 

Frame wall, Interior frame 
and VA' } flberglas$T>att, 
filled existing cavity 
R-27 

$.U/R/sq.ft. 



Fig. 3.13 



I.F.3. 

Frame wall, I " foil-faced 
isocyanurate, filled 
existing cavity 
R-25 

$.l2/R/sq.ft. * 





I.F.5. 

frame, wall, Interior frame 
and V/t" fiberglass batt, 
plus 3" expanded 
polystyrene, filled existing 
cavity 
R-40 

$.l2/R/sq.ft. 



vapor barrier. Then a new framejs | THE PERIMETER/ 
constructed on top of the roof.fhis * . 

new frame creates a cavity toTbe BASEMENT/CRAWL 
filled with fiberglass and a surface 
from which to attach the new roof 
deck. This strategy yields R-55 at a 
cost of lil/R-sq ft. Be certain that 



SPACE RETROFIT 

, _ . . . . The bottom of the house is 

the existing roof structure can su|> v. perhaps the most difficult area 
port the retrofit. If in doubt, consult about ;wjtuch to generalize. Some 
a structural engineer, houses " have basements, others 





I.F.6. 

Frame wall, Interior frame 
and 7" fiberglass batt, 
filled existing cavity 
R-38. 

$.1 l/R/sq.ft. . 



I.F.7. 

Frame wall, Interior frame 
and II" fiberglass batt; 
filled existing c%vity 
R-51 

$.08/R/sq.ft. 



I.F.8. 

Frame wall, interior frame 
and 11" fiberglass batt, 
unfilled cavity 
R-38 

$.10/R/sq.ft. 






Fig. 3.14 



I.F.9. 

Frame wall, interior frame 
with 1W' fiberglass batt . 
(uninsulated space behind 
each new stud), filled 
existing cavity 
R-36 » . 

$.1 l/R/sq.ft. 



I.F.10. . 

Frame wall, gut rehab, 
interior frame and 1Vi'\ 
V/i" fiberglass batt 
R-34 

$. 1 2/R/sq.ft. 



have crawl spaces, some have a 
slab>on grade, and others hove a 
combination of the three. How this 
jSart of the house fits into the 
overall retrofit strategy depends on 
whether the wall/roof retrofit is in- 
terior or exterior. Generally, it is 
least expensive to insulate the in- 



side of basement walls (space per- 
mitting) and under the floor of the 
house, but these two approaches 
are not always possible. In climates • 
with hot, long summers you may 
chqpse to insulate only the exterior 
of the basement walls in order to 
retain the natural summer 'cooling 



attributes of an uninsulated base- 
ment floor, 



floor fl&trojit 

Floors 1 and 2 show a floor retro- 
fitted by installing fiberglass be- 
tween the joists, laying a vapor bar- 

• * 35, 




I.F.I 1. 

Frame wall, 3' 

sheetrock/polyurethane 

laminate, filled existing 

cavity 

rt-40 

$.07/R/sq.ft. 



Fig. 3.15 





A.l. 

Attic filled with 12" blown 
cellulose, new vapor 
barrier and ceiling finish 
R-47 , 
$.04/R/sq.ft. 

Fig, 3.18 





A.2. 

Attlt filled with 15' blown 
cellulose", new vapor 
barrier and celling finish 

R-59 

,$.04/R/sq.ft. 




CI. 

3'/j" fiberglass batt, new 
vapor barrjer and ceiling 
finish 
R-14 

$.l5/R/sq.ft. 



C.2. 



Fig. 3.17 




R.l. 

New roof structure built 
over existing roof 
R-55 

$.1 l/R/sq.ft. 
Fig. 3, 11 

38 ' . 



3" sheetrock/polyurethane 
laminate plus 3'V 
fiberglass batt 
R J 35 

$.IO/R/sq.£. 



C.5. 

Suspended ceiling and 
l6'/2" fiberglass batt 
R-52 

$.07/R/sq.ft. 



rier over the existing floor (which 
can then be sealed to the wall 
vapor barrier), and covering the 
vapor barrier with fiew underlay- 
ment (Figure 3,19), Floor 1, with 
3-1/2-inches of fiberglass, would be 
approbate for an insulated crawl 
\ space or a crawl space well below 
grade. Floor 2, with 8 inchtfr of 
fiberglass, is appropriate for a 
vented crawl space/iln both cases, 
be sure to install a moisture barrier 
(6 mil polyethylene) over the gfefoid 
in the era tvl space, 

Moors 3 and 4 show expanded 
polystyrene boards laid over the 
existing flopr and covered with 
vapor carrier and a new siibfloor 
(Figure 3,20). This strategy is more 
appropriate than the fiberglass 



method in cases where the crawl 
space is inaccessible or with a con- 
crete slab floor. An alternative to 
usjng the polystyrene is tp lay 
sleepers (non-structural dimen- 
sional lumber used' to produce a 
cavity between rtfcw and existing 
floors) on the floor, fill the cavity 
between them with fiberglass, and 
cover with vapor barrier and sub- 
floor, as shown in Floor 5 (Figure 
* 3 4 21), Always be certain to protect fc 
the retrofit floor installation from 
moisture that is common in base- 
ments, If you suspect moisture will 
be present, use pressure-treated 
wood and insulation that does hot 
degrade wjien exposed to moipture, 
such 'as vermiculite or extruded, 
polyst>^p^ Installing insulation 

On ■ ' % - 



F.l. 

Vh" fiberglass batts 
between joists 
R-14 

$.IO/R/sq.ft. 

Fig. 3.19 
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2" expanded polysty 
R 12 

$.24/R/sq.ft. 

Fig. 3.20 




F.2/9W" fiberglass batts' 
between floor joists 
R-30 

$.06/R/sq.ft. 
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Sleepets, VA'* fiberglass 
batt 
R-15 

$.)8/R/sq.ft. 

Fig. 3.21 



above the floor means doors, plum- 
bing, etc. will have to be adjusted. 
This technique will be expensive 

and troublesome. 




F.4. 

w 4" expajped polystyrene 
$.l6/R/sq.ft. 



Basement Wall Retra/3t 

Insulating the interior of a 
basement wall will cost roughly 
the same as other wall retrofits. 
There is an added cofct of sealing 
the baqfment vapor barrier to the 
first floor wall ' vapor barrier, 
whether is an interior or ex- 
terior wall retrofit (Eigure 3.22). 
This is done by installing vapor 
barrier blocking (closed cell of 
foil-faced insulation cut to fit) be-. 
lYtzm the joists. The interior 
basement retrofit .may be the least 
expensive complement to an exte- 
rior retrofit on the rest of the 
house. 

Perimeter Retrofit 

In many 'cases (whether slaj) on 
gratfo, crawl space, or bfl£emeitf 
wall) it may not be practically "po* 



BA. 

Interior frame basement 
retrofit with rigid blocking f 
between joists I 
R-24 

$.06/R/sq.ft. 

Fig. 3.22 



sible to insulate the perimeter „ 
anywhere but the outside. Perim- 
eters 1, 2 and 3 show various ap- 
proaches (Figure 3.23). Perimeter 1 
shows a perimeter retrofit using 
2-inch extruded polystyrene. Note 
that the. insulation itself represents 
less than one third of the total cost 
of installation. That means that 
more insulatjon can be added at 
relatively little additional cost. 

Normally, an exterior retrofit of 
the perimeter should extend all the 
way down to the footings. However^ 
for quite deep footings, there is an 
alternative approach. Rather than 
excavating' to the footings, a trench 
may be dug about two-feet ofeep 
- and two- or three-feet wide. Ex< 
tnfded polystyrene is installed . 
down the, foundation wall two-feet, 
deep and then installed horizontal- 
ly all around the perimeter (be cer- 
tain it slopes slightly away from the 
foundation walls). This approach is 
illustrated in Perimeter i Testing 
by the Underground Space Center 
at the University of Minnesota has 
shown that tile insulating skirt 
shown in Perimeter 3 is as effective 
as instdation^hered to the foun- 
dation Wall. .MeariVhile, thejre is a 
significant savings in excavation, 
materials and backfilling costs. 
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P.I. / 

2" extruded polystyrene 

R-12 " 

$.36/R/sq.ft 

Fig. 3.23 , 



9.2. 

* 4" extruded polystyrene 
R-22' 

$.23/R/sq'.ft 



P.3. 

4" extruded polystyrene 
v^with 2 -0" skirt 
R-22 

$. 1 7/R/sq.ft *. 
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HOW TO 

Calculate costs 

for VARIOUS 
CONSTRUCTION 
CONFIGURATIONS 

While each* retrofit ^situation is 
unigjj^ aad the specific character- 
istics^ me building influence the 
^of retrofit selected, there are 
important factors that can play 
role in determining thfij| 
choice: the cost and R-yalue of the 
particular strategy. Therefore, 
when reviewing walKtelmfit strata 
gies it Ab im^feratlVe mat cost and. 
thermal comparisons of various 
techniques be made on a uniform 
and standarclizecftasis. ^ *** 
^ DOE^rantees .used many differ- 
ent calculation techniques to' select 
the retrofit strategies they used. 
The best meanpof < comparing vari- 
ous wall r^Vjo^t options is to com- 
pare the post of installation per unit 
J^alu^per square foot -of wall, 
ceding, roof or floor area. The fol- 
lowing i? a simple step-by-step cal- 
culation procedure for determining 
tl)is vtalue.< A sample worksheet of 
the calculation procedure is in- 
cluded to aid you in organizing your 
work and a hypothetical wal l calcu- 
lation is computed to|Blp you 
understand the process, 

STEP lj Draw the existing wall 
* section to be analyzed. 
Sketching the existing wall sec— 
tion is important for several rea- 
sons: it allows you to identify the 
various components of yo^r wall; to 
visualize the Various paths of heat 
flow through the Wall; and to deter- 
mine the percentage of the wall 
area represented by each heat flow 



pathway. To make comparisons 
jsimpler, all the wall sections il- 
lustrated in this publication tore 
8 x 8-foot and don't include 
features like windqws, doors, 
corners, etc. Bear in mint that 
these features influence tKe^jreal 
cost of the retrofit and they are hn^ 
portant when comparing one type 
of retrofit with another. When corn- 



top and bottom plates, the cavity in- 
sulation, and all the variojjt sheath- 
ing materials; 2) through the exist- 
ing studs, the cayity insulation, the 
retrofit stud wall insulation and the 
sheathing; 3) through the existing 
sttid^wall insulation, the cavity in- . 
frulation, theretrofit studs, qjnd the 
sheathing; and 4) through the^exi^P^ 
ing stud wall insulation, the cavity 



mi 
wall 
tfdbt 



paring Options for your project, yqu insulation, the retrofit stud wall in- 
sulation, and the sheathing. 

STEP 4: Calculate the composite 
R-value for ^ach heat flow 
path * / * ■ 

The R-value of a given material is 
a measure of its resistance to heal 



may wish to use the entire 
area rather than a typical 8X8-f< 
section. 

STEP 2: list all wall section com*- 
ponents. 

kfter thq wall section is drawn it 



^will be easy to list all the compoc -^loi/jThe R-valtie of various con- 
hepts. Don*^ forget to include the /struction materials* including 
inferior and exterior . qir film bojkidary air films and "dead air" 
undary between the wall aM the spaoes, is (given in Figure A-2. To 
environment, along with any \fatd calculate a composite R-value tor a 
air spaces" in the wall cavity particular heat flow pathway sim- 
These factors are important in* ply a^d the R-values of thp various 



determining the wall's ^eajt loss 
>chaj^cteristig8. , * 

STEP 3: 'identify Meat flow path- 
ways. 

Materials that create resistance 
to heat flow through a wall can be 
arranged either in series (compo- A 
nents one after another) er in' its R-vklug, 
parallel (components side by sidej.'Namouni of 
A solid brick wall with polystyrene ierred b: 



components through the pathway^k 
R composite^ + R^f>. *\J* 
%TEP 5! Convert, each - composite t 
y - R-value to its correspond- 
i "* M ing u-value. ' 
Hie u-vqjue of a material or com^ 
positelrf 



insulation attached and finished 
with stucco is an example of Mate- 
rials in « series, while a frame wall 
.filled with fiberglass batt insulation 
k an example of materials in paral- 
lel. A TBtrofit double stud wall is 
even more complex. In order to ac- 
curately analyze a wall section you 
must identify all the heat flow 
pathways. In the example, given (a 



square Si 




the inverse-of 
of the 
trans- 
tour per 
material per degree 
F of femperature ^difference ^ ' 
tw^pn the \wo sides Of the matbjial, 

' • 1 

' composite . 

STEP 6: Cdbilate frtyning corrdo . 
tion /actors. 
Each heat flow- patHWay you 
identified in Step 3 represents a 



double wall with staggered studs, certain percentage of the total wall 

Figure A-t) heat can flow through section ^ea. In this stepyou need 

the* wall by four different "|>aA- to calculate^ these percentages 

Ways: 1) through existing and new ..called framing correction factors. 
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Fig. 4* Heat Flow Paths , * 
This drawing shows four different heat flow paths 
through a wood frame wall retrofitted with interior 
stud framing. 



For example, a 2x4 stud wall with 
3V2 inches of fiberglass batt insula- 
tion ha& two different parallel heat 
loss paths; through the studs or 
through the insulation, fti an 
8 x 8-foot section of this Wall you 
will find that 14 percent of the wall 
area is made up o^ studs and plates 
and 86 percent is insulation,* Thus 
the framing correction fadtprs for 
this wall are .14 (heat loss through 
stuc^) and .88 (heat loss through 
the insulation). ^ 
STEP 7: Obtain an overall upvalue 

for the wall. 
' The Overall u-value for the wall 
is obtained by multiplying the com* 
posite u-value for each heat loss 
path times its corresponding fram- - 
ing correction-factor (K) and adding 
those sums together. •** 

U ovw«H~ 

(u c1 xK 1 ) + (u c2 xK 2 )+..,(u c „><K tl )' 



STEP 8: Convert the overall u- 
value to an overall fl-value. 
Since u- and R-values are the in- 
verse of one another' this step is 
simple. 

R - ± 

' "overall 

STEP 9: Repeat Steps 1-8 for the 
retrofit waU.% 

After ybu have determined the 
dverall R-value for the existing wall 
th^ "next step is to do the very same 
thing for the retrofit wall. You need 
1 to sketch the wall section as you 
plan to retrofit it, list all wall sec- 
tion components, identify all heat 
flow pathways, and calculate the 
overall Revalue of the retrofit walls. 
STEP 10: Determine ihe R-value 
added during retro/it. 

The R-value added during retro- 
fit is the difference between the 
R-value of the total retrofit wall and 
die R value of the existing wall. 



-R added^n retrofit - R toUl - R 6Klitlng 

STEP 11: Determine the materials 
cost for the retrofit wall 
List all materials necessary to 
rbuild the retrofit wall. Identify the 
post of each material and add these 
costs tQ obtain the total cost of the 
retrofit wall. Remember that for the 
purposes of this analysis you are 
working with an 8 x 8-foot wall sec- 
tion, not en entire house. Materials 
costs can be obtained from your 
local supplier (hardware store, 1 
lumber yard, etc.) or from sources 
such as the National Construction 
Estimator, Craftsman Books, 1983. 
STEP 12: Determine the labor cost 
to construct the retfpfit 
wall. 

Labor cost estimated can be ob- 
tained from local contractors or the 
National Construction Estimator. 
These costs are just for an 
8 x 8-foot wall section and are for 
comparison purposes only. If you 
plan to do the work yourself, deter- 
mine the value of your owji labor. 1 
STEP 13: Determine the base cost 
qf the retrofit wall. 

Add the materials and construc- 
tion costs from Step 11 and 12 to 
get the base cost. 

Base cost- 

Construction cost + Labor cost 

STEP 14: Add a contractor's mark-~ 
- up. 

This step is optional. If you do the 
work yourself this step can be ig- 
nored. If you hire a contractor, he 
or she will plan to cover the over- 
head and make a profit on the job. 
The contractor's mark-up is usually 
a percentage of the base cost. This 
amount is then added to the base 
cost to dbtaip a total cost for the 
wall retrofit. 



Total cost = 

Base cost +Contra&or|s mark-up. 

STEP 15: Determine the cost per 

\ square foot. 

\ To determine the cost per square 
foot of -the retrofit wall section 
divide the answer obtcttied in Step 
13 or 14 (whichever isypplicable) 
by 64, the size of the wafl section in 
square feet. 

Cost per square foot = w 
Base or Total cost 
64 



I 



9 
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Fig. A-a • • 1 

Adapted from THE SUteRlNSULATION RETROFIT BOOK, Robert Argue end Brian MarabU, Renewable Energy in Canada, 
Toronto, Canada, 1981, p. 185-187. | 
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OTRIMflrCaloilate the cost 

square /oot per Unit bf 
R-valW. y * 
This is the last^tep in the proc- 
ess. The cost pA* square foot per 
unit bf lvalue is obtained by v 
dividing the answer obtained ^fct 
Stop 15 (the cost per square foot of. 
the retrofit wall) by the answer 
from Step 10 ({the R-value added by , 
the retrofit), \ 



Cost per square foot pei^unit 
R-value- Cost frer square foot 
R-value added 

NOTE: The costs used' in the follow- 
ing tables are national averages, 
which- change from ybpr to year. 
Since 1982, the cost bf framing, 
fiberglass insulation, polyethylene, 
cellulose, and polystyrene has gone rei 
up slightly, probably iawping pace ste 
with inflation. Meanwhiu*T^^^ 
faced i^cyanurate fpam has 
decreased in price. The most 
dramatic decrease has been in the 



price of ptolyurethane/sheetrock 
lamijaate, which dropped from 
$l.65/sq.ft. to $.81/sq.ft. for the 
3-inch thick i*nals. At the time of 
publication, tms rigid, finished in- 
sula^on panel is the least expen* 
sive technique for applying insula- 
tion awjj wall finish to^he interior 
of i hftuse (notwithstanding, the 
vapor barrier and window framing 
problems already described)^ Be 
awarfc of current prices and com- 
pare them when using the methods 
presented here. 



Example; The sample calculation 
procedure uses the following wall 
configuration:. an existing 2x4 stud 
wall filled with 3Va inches of fibel^ 
glass ipsulation, retrofitted with 4 
of exterioiMCinished polysty- 
isulation. The results of the 
step analysis of the cost per 
^ foot ppr unit R-value for this 
retrofit are displayed on " a com- 
pletecL worksheet (Figure A-3). 
Fffllovreach step of the calculation 



inch 
rene* 
ste 

sauare 



procedure and — note — where -the 
result is placed on the worksheet. 
Make sure you understand how 
each number is obtained. When 
you think you understand the pro- 
cedure, try calculating the cost per 
square foot per unit of R-value for a 
retrofit wall of your own design, 
^-^use a copy of the blank worksheet 
• provided for your analysis (Figure 
A-4), 

The sample shown here is for a 
wall retrofit. The same technique 
may be used for other parts of the 
building with minor exceptions. 
First remember that the R-value for 
air films and air spaces is different 
depending on whether the direction 
of heat flow is horizontal, upward, 
or downward. For slabs and below 
grade walls, there is no outside air 
film. Calculating heat lqss to the 
surrounding earth from slabs and 
basements is very complex>^ut it 
can be ignored when jjou calculate 
the cost/sq.ft/R for below-grade. * 
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E.M.3 Masonry Wall. 7" Strapping, Exterior E.M.4 Masonry Wall, I OW Strapping. 
Stucco Finish Exterior Stucco Finish 





COMPOSITE 
RVALUES 


R-VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 




X-X 


Y-Y 


Z-Z 


PLAT« 




IM6UL. 




AIR FILMS 






o.n 




EXISTING 12." 


24o 


2.4o 


2 AO 




2.h4 ^TRAPPiMG AT 24'o.C. 


6.76 


4.35 






VAPO* BARRIER 










FieeftGLASS flATT (2 LAre«V) 


- 


I I.IO 


22. I*) 




'A" Plywood 5>H£ATHh46 




o.63 


0.*3 




STUCCO AND M£5H 


o.i? 


o.iy 














































TOTAL R VALUE 


12.87 


I9.7? 


26.3 




TOTAL U-VALUE v 






0038 




FRAMING CORRECTION 


0.047 


o.o*>o 






TOT. U X FRAMING COR. 


O.0O37 


O0O3I 


0.034 





.COMPOSITE U-VALUE 



0.04D8 



COMPOSITE R-VALUE 



EXISTING REVALUE 



24.5I 
TIT 



R VALUE ADDED BY RETROFIT 



RETROFIT CONSTRUCTION COSTS 



MATERIAL^ LIST 



2x4 STRAPPING 



VAPOR CARRIER 



3'A' Fl6ERaCX^ BATT (2 LAYCH6) 



•/a PLYWOOD SHEATHING 



STUCCO AND MWH 



2 



MAT'LS 
COST 



23.76 



S\42 



23.04 



Z4.96 



LABOR 
COST • 



ZI.52 



8.40 



I5\.36 



12. SO 



TOJAL CONSTRUCTION COST 



TOTAL 
COST 



45. 2 A 



13.52 



38.4o 



«7.76 



103. 1 1 



**8.37 



TOTAL PRICE (COST.+ MARK-UP) 



CONSTRUCTION COST PER SO. FT. 



$/R - SQ. FT. 



EMC 



C2D 



COMPOSITE 
R-VALUES 


R VALUES THROUGH MAT'LS |N 
HEAT FLOW PATHS AT: r , 


MATERIALS 


W-W 




Y-Y 


zz 


PLATES 


NtW 6TU0S 


INSUU, 




AIR FILM6 


0.<53 


o.<*3 


0.93 




tXISTIKtt* 12" BRICK 


2 AO 


2.40 


2.40 




2*4 STRAPPING 


fi.i4 


8,76 






V/» FIBERGLASS BATJfttAYJRS) 




It.ld 


33.2^ 




'//PLYWOOD 6HEATHING 


0.63 


a63 • 


O 63 




STUCCO AMD m£LSH 


0.15 


0.15 ■* 


^J5* 




VAPOR &ARRISR 








































/ 










TOTAL R VALUE 


17.25 


Z3.?7 


37. fO 




TOTAL U-VALUE ^ 


0.056 


0.O42 


OO27 




FRAMING CORRECTION 


O047 


0.060 






TOT. U X FRAMING COR. 


O.0O27 


O.0O2 5 


O.023*} 


1 ^ ■■ 



COMPOSITE UVtffcOE 



COMPOSITE R V^fcME 



EXISTING R VALUE; 



R VALUE ADDED BY RETROFIT 




3.33 



3I.03 



RETROFIT COW 


[STRUCTION, COSTS 


MATERIALS LIST ' 




LABOR 
COST 


TOTAL 
COST 


2x4 STRAPPING 


■36.72, 


31. <oO 


68.32 


3 , /i 1 Fie&R£LA5SH£TTf3U«KS) 


34.54> 


23. 04 


57.6V) 


/ z " PLYWOOD SMITHING ' 


7.\.°>k> 


\Z &o 


37.76 


5TUCCO AM0* r M£SH 






103.11 


VAPOR BARRIER 


5.42 


3.40 


13.52 


ip — — — 


































f 




> 











tqtaX)construction COST 



280.61 



TOTAL PRICE (COST* MARK-UP) 



350.74 



CONSTRUCTION COST PER SQ. FT. 



7tH 



S/R_£ SQ. FT. 



0.177 



\ 



































— 























.... 







































-4 




























































































r 
































































































































































* 




















































































































COMPOSITE RVALUE 
COMPOSITE U VALUE 



EXI8TINQ R VALUE 



R VALUE ADDED IY RETROFIT 



T0T^t?R#UJE 



WTAL M#ALUE 



yRAMiHO CQRRIPTtQN 




V RETROFIT CONSTRUCTION COSTS ;. ^ ;^ >^** h 






LIST OF MATERIALS, 


. ■ 1L v , "i J - j [ i;«Si' 1 


r-i'iii'fijii;. Vii.iii.ii i ■! ■■■?«> 1 1 ■. i ^ ■■ r _: ' 










- .- ■ ■ ". . ^- 




^ - ; ... ■■■' T v. 








* A'^.'v"' '■ ,J .! I V' 






. . 


■ " * : *. i I ■ ■ :■ 












■ 


.Ti^-t----^- 




„ — i * '■ -ry ; t ■ , -7,jr ; 


:.rf..ji v ^. : ,-.A-:f ; 








- . .,»■ ■ ■ 




-J" VVt fv% 




.... 
















■ -.> i 






. " i •• 


■•» ■■ ' 










•;«f 




. ■. .. . m.. ■ ...... , ^ . ... ..-j.'t r 7' 








w- r - v.. 
















TOTAL CONSTRUCTION COST — 


■ '. . .'V .T . ■ - v .J'.-^S'Vll^V T- 









■ • i v -.-J-.-"---; m&I 

TOTAL ff 



Fig. A-4: Vom mm- copy this form /or your own ualuilution.s 
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E.M.I Masonry Wall/4 ' Exterior-Finished 
Polystyrene 



E.ML2 Masonry Wall. 8" Exterior-Finished 
Polystyrene 





COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN\ 
HEAT FLOW PATHS AT: , 


M^RIALS 


W-W 


XX 


Y-Y 


z-z 










AIR FILMS 










EXISTING \?"e>R\CK 




2.40 


— j _ 




4" £XP POLYSTYRENE 




\b.0O 






^OKXV\T xX ADHE54YG 










"PRVViT* FINISH t £TC, 






































































TOTAL R VALUE 




19.33 






TOTAL U-VALUE 




ao5z 






FRAMING CORRECTION 




\.o 






TOT. U X FRAMING COR. 




0.O52 







COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE ^ 



R VALUE ADDED BY RETROFIT 



J3E 

ifr.flO 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



7 



MAT'LS, 
COST J 



LABOR 
COST 



TOTAL CONSTRUCTION COST 



TOTAL PhlCE<C»ST + MARK-UP) 



.11. 



C0NSTRUCTI0fA:09T PEff y>, FT 



TOTAL 
COST 



277.76 



277,76 



347. 2 O 




COMPOSITE 
REVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


x-x 


Y-Y 


Z-Z 










AIR FILMS 














2A0- 






8"e.XR POLYSTYRENE 










*'DRYVIT"aDH£5IVE. 










"PRYVIT" FINISH, £TC. 














■ 
















— 






























r 










TOTAL R VALUE 




35".33 






TOTAL U VALUE 










FRAMING CORRECTION 




1.0 






TOT. U X FRAMING COR. 

■■ » 1 











COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTING R-VALUE 



R VALUE ADDED BY RETROFIT 




RETROFIT COIS 


STRUCTIOtf COSTS 


MATERIALS LIST 


MAT'LS 

COST 


LABOR 

cost 


TOTAL 
COST 


5"'£XT. FIKJ. POLYSTYRENE 


—A > 




333.4+ 












































T — t — 










• 




















c - 








TOTAL CONSTRUCTION COST 




TOTAL PRICE (COST + MARK-UP) | 4I6.&7 


CONSTRUCTION COST PER SQ. FT. 




$/R — SQ> FT. : ► | 0,20+1 
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E.M.3 Masonry Wall. 7" Strapping. Exterior 
Stucco Finish 



E.M.4 Masonry Wall. \0W Strapping. 
Exterior Stucco Finish 





COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 




COfAPOSITE 
RVALUES 


R VALUES THROl 
HEAT FLOW PAT 


JGH MAT' 

HS AT: ' 


y$ in 




W-W 


X-X 


Y-Y 


zz 




MATERIALS 


WW 




Y-Y ' 


zz 


MATERIALS 






IM6UL. 






PLATES 


NtW STUPS 






AIR FILMS 


, 0.*)3 


0.<>3 


0.93 






AIR FILM6 


0.<>3 


0.9 3 


o.<*3 




CXI5TIH0 12." BRicx 




2.4o 


2 Ao 






EL*ie>TlHG 12" BRICK 


2.40 


2 AO 


2-40 




2.h4 STRAPPING AT 24"o.C. 


8-76 


4 35 








2x4 STRAPPING 


13.14 


8.76 






VAPOR 0ARRIErT 












V/iVl&ERGLASf) &ATT Cb UAY£RS) 




IK id 


33.23 




3 Vz Pi 6 1 KG L as 3 &ATT(2 t>re«^ 


- 


I I IO 


22. 1 4 ) 






PLYWOOP 6HE.ATHING 


0.<b3 


0.63 < 


o ^3 




/z." PLYWOOD ^HeATHlMG 


o.&3 


0.63 








STUCCO AND ME.SM 


O.I5 


O.I5 * 






5TUCXO AMP M£5H 


O.I5 


O.I5 


<9.l5 






VAPOR e>ARR!BR 


































































































TOTAL R VALUE 


12.87 




26.3 






TOTAL REVALUE j 


n.25 




37. fO 


-A-h. , . - 


TOTAL UVALUE 


0.078 


0.05/ 


0.O38 






TOTAL U VALUE \ 


0,056 


o.o42 


002/ 




FRAMING CORRECTION 






0.8^3 






FRAMING CORRECTION 


O.Q47 


0.060 


0^3 




TOT. U X FRAMING COR. 


0.0031 


O.0O3I 


O.034 






TOT- U X FRAMING COR. 


0.0027 


0.0025 


O.023T 


> ■■ 


COMPOSITE UVALUE 


O.O408 




COMPOSITE U-VAEOe 




O.Q29I 1 


COMPOSITE REVALUE 


24 51 




COMPOSITE R VALUE 




34-*6 


EXISTING REVALUE 


333 1 




EXISTING R VALUE. 


3.33 


R VALUE ADDED BY RETROFIT 


ZI.I8 




R VALUE ADDED BY RETROFIT 


\ 




3I.03 J 



RETROFIT CONSTRUCTION COSTS 


MATERIAL^ LIST 


MAT'LS 
COST 


LABOR 
COST • 


TOTAL 
COST 


2><4 STRAPPING 


Z3.76 


21.52 


45.28 


VAPOR CARRIER 


5" 42 


g,4o 


13.82 1 


3'/l FI&6RGCAS} 6 ATT (2 LAYERS) 


23.04 


I5"..36 


38.40 


W PLYWOOD SHCATHING 


24.96 


12.80 




5TUCC0 AND M£SH 






103.11 










A 


-4 — 
















4 














1 ; 


•> 






TC^TAL CONSTRUCTION COST 


Z*8<37 


TOTAL PRICE (COST, + MARK UP) 1 297.96 


^CONSTRUCTION COST PER SO. FT. ^ 4.*>* 




1 0,22 n 


$/R — SQ. FT. ^ 



RETROFIT COW 


^STRUCTION COSTS 


MATERIALS LIST ' 


^M/T'LS 

COST 


LABOR 
COST 


TOTAL 
COST 


2x4 STRAPPING 


36.72 


31. (oO 


68.32 


3 , / i ,i Fi6£R£LASS s <$| 


AJT^3UY£KS) 


34-. 54> 


23. 04 


57.60 


Yz PLYWOOD 




24-^6 


1.2 .80 


37.76 


5TUCCO AMl< 


M£5H 






103. It 


VAPOR BARRIER 


5.42 


5.40 


13.82 


















































T0T^>C0NSTRUCTION COST 


280.61 


TOTAL PRICE (COST + MARK-UP) ^ 350.76 J 


CONSTRUCTION COST PER SQ. FT. j 5 4* 1 


$/R SQ- FT. 




1 0..77 1 


^ 



ERIC 



E.M.5 Masonry Wall, 7" Curtain, Wall, 
Exterior Stucco Finish* 



E.M.6 Masonry Wall, I I " Curtain Wall, 
Exterior Stucco Finish 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


Y-Y 


2-Z 










AIR FILMS 


0.93 


0.93 


o,<?3 




12" BRICK, 


2*40 


2.40 


2.40 




2x4 CURTAiM FRAMIM6 


{J. 76 


4 38 






3'// FffitRtUASS BATT(2 LAYERS) 




ll. /O 


22.19 




V% PLYWOOD SHEATHING 


0.63 


Cfc3 






9TUCCO AND MESH 


015 


O.I5" . 


O.I5" 




VAPOR. BAR R^E-fiL 








































f 




• < 

• 






TOTAL R VALUE 


• 12.87 




26.34 




TOTAL UVALUE 


0.07d 


O.OS'i 


0,O38 




FRAMING CORRECTION 


O.047 


6.060 


0.893 




TOT. U X FRAMING COR. 


0.0037 


O.0O3I 


O.OM 





COMPOSITE U VALUE 



COMPOSITE R VALUE 



£K£TING R VALUE 



R VALUE ADDED BY RETROFIT 




RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 


2*+ CURTAIM FRAMING 


21.84 


14.64 




VAPOR &ARRIER. 


5,42 


8.40 


13.82 


3/x Fi&EKGLA^S 6ATT(2 LAYERS) 


23.04 




38. 4o 


V a " PLYWOOP SHEATHING 


24.96 


12.50 ' 


37.76 


STUCCO AMP MESH 






.. I03.ll 


















































TOTAL CONSTRUCTION COST 


22^ : 57 J 



TOTAL PRICE (COST + MARK-UP) 



-CONSTRUCTION COST PER SQ. FT, 



33Q 



$/R - SQ. FT. 



0.212 



C 



COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


Y-Y 




PLATCS 


NCW 5TUP} 






AIR FILMS 




093 


0.93 




EXISTING 12" e>R'CK 


2.40 


240 


2.40 




||"FIDERGLAW BATT(V/x AN07JC) 


- 


23.78 


34.87 




VV' Plywood shewing 


0.63 


0.63 


0.63 




stucco andIJ^h&sh # l 


O.I5 


0./5 


0.15 




VAPOR &ARRIER 










2.x4 CURTAIM FRAMING 


8.76 


4.38 
















. ... ■ j 






























TOTAL R VALUE 


12.87 


32.27 


38.95- 




TOTAL U VALUE 


^ 0.D7S 


0.031 


O.OZ6 




FOAMING CORRECTION 


0.047 


0.060 


o.8^3 




TOT. U X FRAMING COR. . 


0.OO37 


0.0019 







COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 




RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 


MAT'LS 
<fiOST 


LABOR 
COST 


TOTAL 

COST 


2*4 CURTAIN FRAMING 






45.12 . 


3'/ 2 " FIBERGLASS 5 ATT 


11.52 


7.68 


I920 


77 t " FJ&ER6LASS BATT 


26.24 


8.00 


3424 


x /l PLYWOOP 6MEATHING 


24.96 


I2.80 


37.76 


VAPOR CARRIER 


4.42 




13. 82 


STUCCO AMD MESH 






103,11 


























. — 




1 













TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST + MARK-UP) 



CONSTRUCTION COST PER SQ. FT. 



S/R — ?Q. FT. 



50 




E.F.I Wood Frame WaHiVnd Siding. Blown 
Cellulose, 7" Curtain Wall, New 
Wood Exterior Siding 



X 

i 

v 

1 




I 



w 
J 



E.F.2 Wood Frame Wall And Siding, 1 1 " 
Curtain Wall. New /Wood Exterior 
Siding 0 

r 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 




Y Y 


Z-Z 


PUATC5 




HtW STUDS 




AIR FILMS 






0.93 


093 


CXlSTlNq 2*4 6TUD5 AT K?'o.C. 


5.00 


5.00 






LATH AMD PLASTCR 


0 20 


0.2O 




O.20 




o.94 


o.94 


o.9+ 


oM 


5lDlfsia (EXISTING ^ NfcW))^ 


l.fcZ 


l>Z 


l.£2 


\.<*Z 


6UILDIWG PAPER 










t>j£ FIBERGLASS e>ATT(2LArc^) 




22.19 


| IUO 


22.19, 


VAPOR GARRJtR 










2x4 CORTAlU FRAMING 24 o.C. 
, j 


816 




-438 




e>LOWM CELLULOSE 








l6:oo 












TOTAL R VALUE 


17.45 


30.88 


35.17 


4l.d£ 


TOTAL UVALUE 


0.057 


0.03Z 


0.026 


0,024 


FRAMING CORRECTION 


0.O47 


0.089 


O.ObO 


0.504 


TOT. U X FRAMING COR. 


O.0O27 


O.OOZ& 


O.00I7 


0.OI93 



N 



COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE AODED BY RETROFIT 



O.Q265 



37.74 



4-J7 

31>59 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



6LOWM C^LLUUOSC 



VAPOR &ARRIBR 



•^2x4 CURTAIN FRAMING 



6UILPIM0 PAPER 



NE-W SIDING 



FI6£RGIA5S &ATT(2 LAYER*) 



MATLS 
COST 



542 



£1.84 



23.04 



LABOR 
COST 



SAO 



|2>.*& 



4.IO 



TOfAL'CQNSTRUCTION COST 



t6tA1/ PRICE (COST* MARK UP) 
CONSTRUCTION 'COST PER SQ. FT. 



$JR — SQ. F^T. 



FRir 



TOTAL 
COST 



30,72. 



13.82 



35". 52 , 



5.76 



92.16 



5ft 40 



2 !<>.*>& 



270,48 | 



Ol2.fc fl 



COMPOSITE 
RVALUES 


R VALUES THROUGH MATLS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 




Y-Y 


2-Z 


PLATHS 








AIR FILMS 




a 93 


C93 




EXISTING 2*4 STUP3 AT Ife'O.C. 


5.oo 


5.00 


f.Of 


/.Ol 


LATM AMD PLASTER 


0.20 


O.ZO 


0.20 


O.20 


SHEATHING 


0^4 


0.94 


0.94 


0.94 


SIDING (EXISTS £NEW) >i" 


\.k>2 


l.<*2 


1 -UZ 


/.62 


bUlUDlMG PAPER. 










7 l /t ^ViR&ERGLASS 6ATT5 




34.67 


23,78 


34.87 


VAPOR CARRIER. 










2x4 CURTAIM FRAMING, 24*a£ 






























TOTAL R VALUE 


IT. 4-5 


43.56 


?>Z.$b 


39.57 


TOTAL U VALUE 


0.057 




O.030 


O.02f 


s FRAMING CORRECTION 


0.047 




O.ObO 


0804 


>OT. U X FRAMING QOR. 


O.0O27 


o.oozo 


0.00/8 


0.0203 



composite u value 
Composite r value 



EXISTING R VALUE 



R VALUE ADDED BY'RETROFIT 



0,0206 



MS. 



4T5 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 


MATLS 
COST 


LABOR 
COST 


TOTAL 
COST , 


2x4 CUKTAiN FRAM/Ntf 


26.96 


mo 




VAPOR 


5.42 




15.32 


7 l /i , Fl6eK6rLA55 ftATT 


26,24 


eoo 


.3424 


fl0BttiLASS C*TT 


11.52 


7.68 1 


I9.2<* 


BtHi-DlNG , PAPE* 


1.66 




» 5.76 


MEW 5lOl>4a ' - 






92.16 


• 
































* 








TOTAL CONSTRUCTION COST 


209-34 1 


TOTAL PRICE (COST\ MARK-UP) 





CONSTRUCTION COST 'PER, SO. FT. 



$/R - SQ. FT. 



0./23 



♦E.F.3 Wood Frame Wall and Siding, Blown E.F.4 Wood Frame Wall And Siding. 1 1 " 
Cellulose. 7" Larsen Truss, New Larsen Truss, New Wood Exterior 

Wood Exterior Siding '> Siding 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 




COMPOSITE 
RVALUES 


^-WfLUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


Y Y * 


Zz 


MATERIALS 


W-W 


XX 


Y-Y 


zz 


PLATE * 


OLD vfvpi 


TRUSS 


^fcoL. 


PLATCS 


TRUSS 


INSUL. 


01P5T0P5 


Al« FILMS 








0.93 


Air FiC**5 


o.93 


o.93 


0.93 


0.93 


EXISTING 2*4 5TUP5 AT \bO.C 


5.00 


500 








EXISTS 2*4 6TU£>5 AT l6*O.C. 


5".00 






5.00 


LATH AMP PLANTER 


O.20 


O.20 


0.20 


- o.2o 




LATH ANP PLASTER 


0.20 


0.20 


0.20 


0.2O 


6LOWNJ 6€-UL0LOSE 






/6.O0 




EXISTS SHEATH. ^SlDlNQ 


1.75 


1-75 


1.75 


1.75 


EXISTING ^ 5*JEATM.^#SiDlM<i 


1 1.75 


1.75 


/.75 


/,75 


(("LARSEN TRUSS AT 24"o.C. 


13.75 


25J0 






7" LARSCM TWSS AT Z4*OjC. 


$15 




/597 






7 l / z "l 3Vt FIBERGLASS &ATTS 






34.87 


3487 


?>Vz flftERT^USS mr(2 LAYERS) 








22.\9 


VAFbR *&AKRl£R 4 *TYVEK* 










VAPOR 6ARRIER { "TYVEK* 










NEW Vz SIPIMG e 


a.8l 




0.81 


o.8« 


NEW Yt" h\Dlhl<z 




08i 


o.ai 


0.8I 


























































TOTAL R VALUE 1 


17.44 


30.88 








TOTAL R VALUE 


22.44 


26.71 




43. 5* j| 


TOTAL U-VALUE 


0.057 


0 032 


0.028 






TOTAL U-VALl/E 


0.045 


0,035 




0.02 3 


FRAMING CORRECTION 


0047 


0.089 


o.oso 


O.504 




FRAMING CORRECTION 


0.O47 


o.oso 


0,804 


0.069 


TOT. U X FRYING COR. 




0.0029 


OOOI7 


O.OI92 




TOT. U X FRAMING COR. 


aoo2i 


0.0021 


0-O2o9 


O.OO20 


COMPOSITE UPVALUE f 






Composite u value 


0.0?7I 


COMPOSITE R VALUE 


3774 


COMPOSITE REVALUE 


36.90 


EXISTING R VALUE 




EXISTING R-YALUE 




R VALUE ADDED BY RETROFIT 


3M9 


R-VALUE ADDED BY RETROFIT 




RETROFIT CON 


STRUCTION COSTS 




RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL * 
COST 




MATERIALS LIST 


MAT'LS 
COST 


LABOR v 
COST 


TOTAL 
COST 


CELLULOSE 






5760 




VAPOR. BARRIER £ SEALANT 






24.00 


VAPOR CARRIER £ SEALANT 






24.00 




"TYVEK" 






' J. 92 


"TrvE^ 1 ' 






U92 




LARS EM TRUSS 








LAR TRU55 




ft.52 


35.^4 




7Vt" FIBERGLASS e>ATT 


26>24 


8.00 


34.24- 


3/V FIBERGLASS PAjjrf (2 LAYtf^ 




r |0.24 


3584 




3/x" FIBERGLASS fcATT 


12.80 


5.12 


17.92 


NEW '/i' S»PIN<* 


• 43.52 




69.12 




New 'A* eiDiKiq y ^ 
























































l— , 










































TOTAL CONSTRUCTION COST 


22442 \ 




TOTAL CONSTRUCTION COST 


1&7.I4 


TOTAL PRICE (tfOST* MARK-UP) 


250.53 j 




(TOTAL PRICE (COST + MARK UP) 




CONSTRUCTION COST PER SQ. FT. 


_J±» ! 




CONSTRUCTION COST PER SQ. FT. 




$/R - SQ. FT. ► 








0.112 




SIR — Sd^FT. — ► 



V 



E.F.5 Wt>od Frame Wall And Siding, 7" 
Curtain Wall, New Wood Exterior 
- '* Siding 





COMPOSITE ^ 
RVALUES 


R- VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


y-Y 


z-z 


?lat£s 


01P5TUP5 




INSUL. 


AtR FILMS 








0.93 . 


E*ISTIN<5 2*4 


50o 




LOI 


1.0 1 


LATM AND PLA5T£R 


o.zo 


0.20 


Olt> 


0.20 


VAPOR BARRIER 










EXISTING SH£ATWN^ 


0.94 


0.94 


0.94 


0.94 


EXI5TIMG /i" 


o.8l 


0.8« 


0.8* 


0.8/ 


60IUDIM6 PAPER 










5ATTjf2 LAYERS) 




22.19 


11.10 


22.19 


2*4 ^URfAlM f^MlNG^OC 


8.76 . 




4.38 


1 "» 


NEW Vt SIPIM6 


~0.£l 




0.81 


0£| 












TOTAL R-VALUE 


17.45 


30.86 


20. Id 


26.8? 


TOTAL U-VALUE 


O.tf 57 




aojo 


0.037 


FRAMING CORRECTION 


0.047 


0.0&1 


0.0A0 


0.504 


TOT. U X FRAMING COR. 


O.0Q27 


O.O0Z9 


0.0090 


O.0299 



COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



O.Q385 



25.97 



4 15 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



2x4 CURTAIN FRAMING 



VAPOR BARRIER 



V/l>IB£KGlA35 ftATTfc lAYERS" 



MAT'LS 
COST 



21.84 



5.42 



23.04 



1.66 



LABOR 
COST 



13.68 



3 40 



15.36 



4.10 



)TAL CONSTRUCTION CtoST 



TOTAL 
COST 



35.5-2 



38.40 



5.76 



185.66 



roTAL PRICE (COST + MARK UP) 



CONSTRUCTION COST PER SQ. FT. 



E2 



2*2. og I 

a 



$/R — SQ. FT. 



E.F.6 Wood Frame Wall And Siding, 7" 
Curtain Wall, 2" Polystyrene. New 
W<j^d Exterior Siding 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


X-X 




Z-Z 


PUATC5 * 


oup stops 


NtW STUPS 


1NSWL 


AIR FILMS 


0.93 


o.93 


0.93 


0.93 


EXISTING 2*4 StUPS AT Ab"o.C. 


5.0O 


5.00 


1.01 


1.01 


LATM AND PLA6TC.R 




O.20 


0.2a 


0.20 


VAPOR. BARRIER 










EXISTING Y+ u eHE:ATHlN6f 


0.94 


0.94 


094 


,0.94 


LISTING Vt <E>W\^ 


O.ftl 


0.81 


0.81 


0.81 


V/i FIBERGLASS 5ATT(Z LAYEKS) 






II. IO 


22.I9 V 


2"T£G. POLY5Tf R£N£1 


800 


8.00 


8.0O 


d.OO 


2*4 CURTAIN FRAMlM6 l 24"O.C. 


£r76 




4.38 




NEW /i" 5IPING 


^ 0.81 


o,8J 


0.8 1 


0.8 1 












TOTAL R-VALUE 


25.45 




28. I& 


34.89 


TOTAL U-VALUE 


a 039 


O.Qlb 


0.03? 


0.029 


FRAMING CORRECTION 


0.047 


O.ot<) 


0.P60 


0.304 


TOT. U X FRAMINQ COR. 


0.0016 


0.002 3 


0.002I 


0.0230 



COMPOSITE U-VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R-VALUE ADDED BY RETROFIT , ; 

RETROFIT CONSTRUCTION COSTS 



O.Q292 
34.25* 



4>T 



30. IO 



MATERIALS LIST 



2*4 CORTAIM FRAMINQ 



VAPOR CARRIER 



3 W FIBERGLASS CATT (t IAYERS) 



2"T$G. POLVSTYRENe^ 



MATLS 

COST 



21.44 



5.42 



23.04 



26.88 



LABOR 

COST 



13.68 



fi.4o 



I5.3fc 



12. Ik 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



35 52 



I3.&2 



38.40 



39o4 



92.16 



216.94 



TOTAL PRICE (COST 4 MARK-UP) 



273,68 



CONSTRUCTION COST PER SQ. FT. 



$/R — SQ. FT. 



9 

ERIC 



50 



53 



E.F.7 Wood Frame Wall ANd Siding, 7 

* Curtain I " Thermax. New Wood 
Exterior Siding 



I.M.I 



Masonry Wall. 3" Insulwal On Interior 





x 

i 



COMPOSITE 
REVALUES 


^•VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: / 


MATERIALS 


W-W 


XX 


Y-Y 


z-z 


PLATE 5 


OLD 5TUPS 


N€\>J STOPS 


IN SOL . 


AIR Films 


o.93 






0.93 


*XI5TWG 2x4STuPSAT \k?oc 


S.OO 




101 


1.0/ 


LATH AND PLASTER 




0.20 


0.2O 


0.20 


VAPOR CARRIER 










ELXI^T'NG %'^HEATWIN^ 




0.94 


0.94 


*0.94 


CXIST1N0 Vi'/SIPIN^ 




os 1 


0.81 


0.8I 


3'// P»&CR&LA*S GATT(2 LAYERS) 




22.19 


n.na 


22.19 


I'^THERMAX 


3.00 


8.00 


8.00 


8.00 


2*4 CURTAIN FRAMING 






4.38 




MEW 7i" 


o.&\ 


0.6 1 


o.si 


0.81 












TOTAL R VALUE 


25,45 


38.88 


28.18 


34.8? 


TOTAL U-VALUE 


0.0 39 


O.0Z6 




0.O29 


FRAMING CORRECTION 


0.047 


0.oJ<5 


0060 


O.804 


TOT. U X FRAMING COR. 


0.0OI& 


O.OOE3 


0.0021 


O.OZ 30 



COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



0.O292 



"*2>4,25 



JUL 



21 



10 



RETROFIT CONSTRUCTION COSTS 



MATERIALS L.ST 
Z*4£U^??AJN FpAMIN^ 



VAPOR CARRIER 



$Vz FIREGLASS 6ATT(> LAYgRS) 



I" TH£f*MAX 



MEW 6 1PIN5 



MAT'LS 
COST 



21. «4 



542 



2^.04 



30.72 



LABOR 

COST 



13.^8 



15.36 



iZ.lfc 



TOTAL CONSTRUCTION COp 



TOTAL PRICE (COST+ MARK-UP) 



TOTAL. 
COST 



35.52. 



13.82 



38.40 



42^8 



9216 



222.78 



278 ,48 



CONSTRUCTION COST PER SQ. FT. 



$/R - SQ. FT. 



OJ45 



COMPOSITE 
RVALUES 


•R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


x-x 


Y-Y 


z-z 










AIR FILMS 


• 








EXISTING 12" BRICK 




'2.40 






3" IW6ULVVAL 




ZZ.L7 














■»—■■■ — 












1 - 




























































TOTAL R VALUE 










TOTAL U-VALUE n 




o.oyiS 






FRAMING CORRECTION 




I.O 






TOT. U X FRAMING COR. 






r 

1 - 





COMPOSITE U-VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R-VALUE ADDED BY RETROFIT 



o.Ol 



RETROFIT CON 


ISTRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 


V INSOLWAL \ 






IOS.94 




— -n — 


S 


* 










































































TOTAL CONSTRUCTS COST 




TOTAL PRICE (COST+ MARK-UP) 




CONSTRUCTION COST PER SQ. FT W 




$/R- SQ.FT. : — »► 


*.0*>| 



9 

ERIC 



(h- 



54 



51 



I.M.2 Masonry Wall, 2Va" Thermax On 
Interior 



I.M.3 Masonry Wall? 6" Stripit On Interior 





COMPOSITE 
RVALUES 


R VALUES THROl 
HEAT FLOW PAfi 


JGH MAT'LS IN 
ft^AT: 


- i 

MATERIALS 


WW 


XX 1 


Y,Y 






NAiL&RS 










0.93 


0.9} 








2.40 


2-40 




THERtyS AX (Z LAtt PS - 1 V f UrtK ^ 




16.00 


Z2.oo 




VV'x I'/i* NAILER 




o.94 






VAPOR "BARRl£R 










l A" 5ME6TROCK 




0.45 
























































TOTAL R-VALUE 




ZOJZ 


£*7A- 




TOTAL UVALUE 




0.0483 






FRAMING CORRECTION 


v 


O.MO 






TOT. U X FRAMING COR. 


s 


O.0O53 


0.0345 





COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



RETROFIT CONSTRUCTION COSTS 



2'.78 



MATERIALS LIST 



r" THERMAX (i layers) 



RMAX Q LAYERS) 



VAPOR BARRIE-R 



MAT'LS 
COST 



£o.48 



2.24 



LABOR 
COST 



21.76 



TOTAL 
COST 



74.24 



lZ.lt> 



48.64 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST+ MARK UP) 



II5M I 



CONSTRUCTION COST PER SQ. FT. 
t/R — SQ.FT. 



E 3.52 I 



52 



COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


XX 


Y-Y 


2-2 




INSUL. 


NAIL£RU> 




A'R FlUMS 




093 


0.9 3 




EXISTING 12" &RICK 


* 


2 40 . 


2,40 




ypoirsirum stripit^ layers) 




24.00 


2O.O0 




VAPOR BARRIER * 










Yx '* \ Vi 9 KIAILER5 AT 24 O.C. 






1 .25 








OA5 


0.45 


































* 




















TOTAL R VALUE 




21.18 


25. Ob 




TpTAL UVALUE 




O.O'bb 


O04O 




FRAMING CORRECTION 




0.937 


0,063 




TOT. U X FRAMING COR. 




0.03^7 


0.0O25 





COMPOSITE U-VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



0.0362 



27.62 



3753 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



3 "POLYSTYRENE STKIPIT (l LAYERS) 



VAPOR BARRIE-R 



'/g" SHEET K?Q6K 



MATLS 
COST 



64.00 



5. +2 



LABOR 
COST 



<».32 



8.40 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



88.32 



1 3. 82 



48.64 



TOTAL PRICE (COST + MARK-UP) 



166,48 



CONSTRUCTION COST PER SQfFT. 



$/R - SO. FT. 



O.I 21 



55 



I.M.4 Masonry Wall, Interior Wood' I.M.5 Masonry Wall, Interior Wood 

Framing, V/i" Fiberglass Batt Framing, 7" Fiberglass Batt 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: * 




COMPOSITE 
RVALUES 


R-VALU 
HEAT F 


ES THROUGH MArjJ^N 
LOW PATHS AT: ~ 


MATERIALS 


WW 


XX 




z-z 




MATERIALS 

1 


WW 


X-X 


Y-Y 


z-z 






iNSUL. 






PUATtS 




NEW 5TUPi 




AIR FILM5 




0.93 








AIR FILMS 




o.9i 


0.93 




EXISTING )i" &RICK 


2AO 


2 AO 


2A0 






EXISTING 12" 


2,40 


2,40 


Z.40 




2x4 STOPS AT 24"0 C 


•4.33 


4,38 






2*4 STUPS AT 24" O.C, 


4.38 








3 /a" bATT 






11.10 






3Vl FI&ERGLA55 6ATTf2 LAYtRS) 


11.10 


22.1*3 


/1. 10 




VAPOR BARRIER 












VAPOR BARRf&R 










/i" SHEET ROCK 


% OAS 


C45 


OA5 






■/i" eHe^TRocK 


o.45 


0.45 


£3.45 




































































' ^ 


























*• 








1 

& . r 










TOTAL R VALUE 


e.\b 


fl.lt> 


14.58 






TOTAL R VALUE 


19.26 


25-97 


I9.2fe 


— -J — 


TOTAL U VAl^JE 


CI23 


O.I23 


O.067 






TOTAL U-VALUE - 


0.052 


0.039 


0.052 




FRAMING CORRECTION 


0.047, 


O.O60 


0.893 






FRAMING CORRECTION 


0.O47 




, 0.060 




TOT. U X FRAMING COR. 


0.0058 


0.0074 


O,060 






TOT. U X FRAMING COR. 


0.0O24 


O.0344 


0.0031 




COMPOSITE U-VALUE 


O.C732 


COMPOSITE U-VALUE 

it 


0.0399 


COMPOSITE R VALUE 




COMPOSITE R VALUE 


• 25.06 


EXISTING R VALUE 




EXISTING R VALUE 




R VALUE ADDED BY RETROFIT 


10.33 


R VALUE AOOED BY RETROFIT 


21.73 


RETROFIT CON 


STRUCTION COSTS 




RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST ^ 

fr^ 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 




MATERIALS LIST 


MAF-LS 
COST 


LABOR 
COST ' 


TOTAL 
COST 


2*4 FRAMING? ^ 


"^6.24 


28.16 


5440 




2x4 FRAMING 


26.24 


28.16 


54.40 


V/x Fl&eRaLASS batt 


II 52 


768 


19.20 




3 Vi* fiberglass batt (2 -layer*!) 


23 fc .04 




3d- 40, ; 


VAPOR C>ARI?IER 




• 8.40 


13.82 




VAPOR 6ARR/CR 


5AZ 




1^.82 , 


Vz m SHEETROCK 






4S.&4 




Vz" 5HEETROCK 


























* 




























— -1 — 


f 
























1 




















































TOTAL CONSTRUCTION COST 






TOTAL CONSTRUCTION COST 


155.26 


TOTAL PRICE (COST + MARK-UP) 


I7O.08 J 1 


TOTAL PRICE (COSJ+ MARK-UP) 


19+06 


CONSTRUCTION COST PER SQ. FT. 




CONSTRUCTION COST PER SQ f ft. 




$/R - SQ. FT, ► 


O.Z57 | 


$/r - sq. ft. sr- * ► 









I.M.6 



Masonry Wall, Interior Wood 
Framing. II Fiberglass Bart 



I.F.I Wood Frame Wall And Siding. Blown 
Cellulose. I'/j" Insulwal On Interior 





COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


x-x 


YY 


z-z 




1N6UL 


WtW 6TUP5 




AIR F1LJMS 


. 0.93 


o.93 


o.9>3 




EXISTING )Z" 6RICK 


2A0 




2.40 




2*4 STOPS AT 24* O.C. 


4.38 




4.38 




3 'A" Fl56Rj^5S bATT 










7'/a"Fi6£R^LA|>5 BATT 




23.78 


23.78 




VfPOfc bARRItfe 












0.45" 


0.45 


0.45* 












































/!TOTAL R VALUE 


3J.94' 




31.94 




TOTAL U-VALUE 


ao3l 


0.026 


O.O^I 




FRAMING CQ^rtECTION 


0.047 


o.&93 


0.060 


— W 


TOT/U X FRAMING COR. ' 


0.00)5 


o.o23l 


O.OO 19 





COMPOSITE U-VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



O.02b5 



3.53 



3441 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



2*4 FRAMING 



7 l /z" FI6ER6LASS §ATT 



3'/i" FIBERGLASS BATT 



SAT 
&AT 



VAPOR &ARRIE.R 



7t" SMEETROCK 



MAT'LS 
COST 



26,24 



2fe.24 



52 



5,42 



LABOR 
CpST 



7,68 



6.40 



TOTAL CONSTRUCTION COS^ 



TOTAL 
COST 



5440 



3424 



1 9. 2o 



44 C4 



170.30 



TOTAL PRICE (COST + MARK UP) 



CONSTRUCTION COST PER SQ. FT. 



[ U*> i 



$/R — SO. FT. 



o 

ERIC 



54 



COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


*X 


Y Y^ 


z-z 










AIR FILMS 




093 


093> 




EXI^TIMCi V4 SHEATM4 y z "5lD|MG 




1.75 


175 




E.XJ5TING 2*4 6TUDS AT \b"o.C. 






5.00 




5LOWM CELLULOSE 




Ifc.OO 






LATH AND PLASTE.R 






0.20 




iVV INSULWAL 




I0.40 


10.40 


























s 




























TOTAL R VALUE 




29.28 


18.2,3 




TOTAL U VALUE 




0.O34 






FRAMING CORRECTION 




O.S64 


0.|3*> 




TOT. U X FRAMING COR. 




Q0295 


O.0O74 





COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R-VALUE 



R VALUE ADDED BY RETROFIT 



O.Q369 



22.95 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



Blown cellulose. 



I'/i" INSULWAL 



MAT'LS 
COST 



LABOR 
COST 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST + MARK-UP) 



TOTAL 
COST 



30.7Z 



78.08 



1 06. SO 



CONSTRUCTION COST PER SQ. FT. 



sm - SQ. FT. 



,5? 



9 t» 



I.F.2 ^Wood Frame Wall And Siding, Blown 
Cellulose. 3" Striplt On Interior 



T 

I.F.3 

\ 



Wood Frame Wall And Siding. Blown 
Cellulose. I " Thermax On Interior 




w 

1 



Y 
1 



X 

t 



'<*§ 



w 



Y 
1 



COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT; 




COMPOSITE 
R. VALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: . 


MATERIALS 


W-W 


x-x 


* Y-Y 


Z-2 




MATERIALS 


WW 


X-X 


Y-Y 


z-z 


PLATC t> 


im$Ul. 


01 P STUP$ 


MAILER 


PLATES 


OLP ST\JP5 


INSOL. 




AIR f^^MS 




o.9i 


0.93 






AIR FILMS 


0.93 


0.93 


0.93 




EXISTS % -SHEATH t //'SlPl^S 


1.75 


175 


1.75 


1.75 




£jySTIf*3 %"SHEATM ^Vi." SIDING 


1.75 


l'75 






EXISTING ^ x 4 STOPS AT \b"o.C. 


5.oo 


t— 


5.oo 






EXISTING 2*4 STOPS AT /6"ac. 


50O 


5.00 






Blown cellulose 




\(t>00 




Ifc.OO 




BLOWN CELLULOSE 






I6.00 




LATH AMD PLA5TER 


0.20 


0.20 


0.20 


0.2C 




LATH AND PLASTER 


O.20 


0.2.O 


0.20 




TPouYsrrRENe ^tripit 


12. OO 


12.00 


IZ.OO 


IO.OO 




VAPOR. B>ARRI£R 










MAILERS 








0.&3 


1" THERMAX 


8.00 


&.O0 


<3.00 




VAPOR BARRIER 










Yz" SHEETROCK ^ 


o.45 


0.4-5 


C45- 








0.45 ! 


0.45 


o.45 


























































TOTAL R-VALUt 


2a 33 




20.33 


29.96 




TOTAL .R VALUE 


16.33 




27.33 " 




TOTAL LVALUE 


0.04-? 


0.032 


0.049 


O.C33 


total jJ^alue 


O.Ofcl 


0.O6I 


£>.037 




FRAMING CORRECTION 


0.047 


0&O4 




O.ObO 




FRAMfNG CORRECTION 


0.047 


0.089 


Cfl64 




TOT. U X FRAMING COR. 


f 0.002?> 


0.O257 


0.0044 


O.oozo 


TOT. U X FRAMING COR. 


0.0029 


O.OO 55 


O.03 16 




COMPOSITE UVALUE 


0.0344 




COMPOSITE U VALUE 


O.o4o || 


COMPOSITE R VALUE 


29.07 


COMPOSITE R VALUE 


25",OO fc II 


EXISTING R VALUE * 


4.15 


EXISTING R VALUE 


+ 15- II 


R VALUE ADDED BY RETROFIT 




R VALUE ADDED BY RETROFIT 


20.S5 || 


RETROFIT CON 


STRUCTION COSTS 




RETROFIT CONSTRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 




MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 


BLOWN C£LLUL05£ 






30.72 


\ 


BLOWN CELLULOSE 






30.72 


3" polystyrene 5Tripit 


-32,00 


12.16 


4-4-. 16 


I " THCRMA* 


24.24 


I0.5S 


3712 


VAPOR BAKRIE.R 




<3.4o 






VAPOR BARRIER 


5:42 


8.40 


13.82 


Vt " SME-ETfcOCK 






4864- 


V% 5HEBTROCK 






48.4* 




















































' r — — — ■ 




























' V 










































TOTAt CONSTRUCTION COST 


-ssSr 




TO^JlfCoNSTRUCTlON COST 


130.30 


TOTAL PRICE (COST + MARK-UP) 


i7i. 




TOTAL PRICE (COST+ MARK-UP) 


■FTf^ll 


i = — ■ 1 n 

CONSTRUCTION COST PER SQ. FT. \ 






CONSTRUCTION COST PER Sa FT. i 2, 54 1 


S/R - SQ. FT. ► 


o.ioft 




$/R - SQ. FT. ► 


0. 1?Z J 







9 

ERIC 



58 



-55 



I.F.4 Wood Frame Wall And Siding. Blown I.F.5 Wood Frame Wall And Siding. Blown 
Cellulose. Interior Wood Framing. Cellulose. Interior Wood Framing. 

V/j" Fiberglass Batt . • VA" Fiberglass Batt And 3" Stripit 




COMPOSITE 
R VALUES 


R VALUES THROUGH MATLS IN^ 
HEAT FLOW PATHS AT: 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


Y-Y 


ZZ 




MATERIALS 


w-w 


X-X 


Y-Y 


z-z 


plat ts 


NEW 5TUP5 


DO) iTUPi 




PLATES 


plO ST0P5 


MtW STUDS 


IN5UL . 


AIR FILM5 


093 


0.93 


0.93 


0.93 




AIR FILMS 


o.93 


693 


0-93 




fTXI5TlN6 y^SHEATH.^/z' SlOlKJa 


1.75 


1-75 


1.75 


1.75 


£XI5UNl, y 4 "5MfcATH.£ J4* SIPI^Q 


1-75 


'P 


1 75" 


1 15 


fcXiynNG 2*4 5TUP5 AT 16*46 






5.00 






EXISTING 2x4 5TUP6 AT l&*O.G. 


5.00 


5^00 






© L(? W^lLc L L U LO SC 




Ib.OO 




16. OO 


CELLULOSE 






16.00 


\b.OO 


UATM AHQ PLASTER 


0.20 


0.20 


0.20 


0.20 




LATH AMP PLA5TE.R 


0.20 


O.20 


O.20 


O.ZO 


VAPOR 












VAPOR ftAKRlER 










N£W 2*4 STOPS AT 24'o.O. 


4 >a 










NEW 2*4*5Tl>PS AT Zi'b.C 


4/3& 




4.33 




V/i" FI&ER6LA55 BATT 






II. IO 


II .10 


tV% 6ATT 




II 10 




/l./O 


/x" SHEET ROCK 


0.45 


0.45 


0.4 5 


0.45 




3" POLYSTYRENE 6TRIPIT 


12. OO 


12,00 ' 


12.00 


12.00 
















0. 45 


o.45 


0.45 


o.4^r 
























TOTAL R VALUE 


12.71 


23.71 


1^.43 


30.43 




TOTAL R VALUE 


2471 


3143 


35.71 


42.43 


TOTAL. U VALUE 


0.0,79 


0.042 


0.051 


0.033 


TOTAL UVALUE 


O.04-0 


0,032 


0.028 


O.024 


FRAMING CORRECTION 


O.047 


Q.OfcO 


O.Ofl9 


O.504 




FRAMING CORRECTION 


O.047 


O.Ofl9 


O.OfcO 


0.694 


TOT. U X FRAMING COR. 


0.00-37 


0,0025" 


0,0046 


O.O 2 64 




TOT. U X FRAMING COR. 


O.0CW9 


0.0016 


0.0017 


oyf89 


COMPOSITE U VALUE 


OO 372 




COMPOSITE U VALUE 


O,0253 


COMPOSITE R VALUE 


26.SS 


COMPOSITE R VALUE 


39-53 


EASTING R VALUE 


4.15 


EXISTING R VALUE 


4-15 


R VALUE ADDED BY RETROFIT 


22.73 


R VALUE ADDEp BY RETROFIT 


35.38 


RETROFIT CON 


STRUCTION COSTS * 




RETROFIT COM 


STRUCTION COSTS 


MATERIALS LIST . 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 




MATERIALS LIST 


MAT'lS 
COST 


LABOR 
COST 


TOTAL 

COST 


2*4 FRAMING 


26.24 


28.16 


54.40 




2x4 FRAMING • 




28.16 


f4.40 


3'A" FIBERGLASS &ATT 


11.52 


7-66 


'J9.20 




6L0WM CELLULOSE 






30.72 


VAPOK BARRIE-J^ 


5.42 


a. 40 


11.62. 




Z Vz FIBERGLASS &ATT 


11.52 




19,20 


E>LOWM CELLULOSE 










VAFOK BARRIER 


542 


840 


13.82. 


Vt" 5HEETROCK 


\. , 




4£>4 




3" POLYSTYRENE 6TK\PIT 


32- OO 


\2Mc 


44.16 












'A" SHEETROCK 






4S.6* 


























— 1 






























































TOTAL CONSTRUCTION COST 


/66.7a 




TOTALlpONSTRUCTION COST 


210.94 


TOTAL PRICE (COST* MARK UP) 




TOTAL |RICE (COST + MARK-UP) 1 6>& 


CONSTRUCTION C6ST PER SO. FT. " n 




CONSTRUCTION COST PER SQ. FT. | 4li 




.0,443 




$/R -JfeQ. FT. ► 


| 0.116 


m - SQ. FT. 





erJc 56 ■ * 59 



I.F.6 Wood Frame Wall And Siding. Blown 
Cellulose. Interior Wood Framing. 7" 
Fiberglass Batt 



I.F.7 Wood Frame Wall And Siding. Blown 
Cellulose. Interior Wood Framing. 
11' Fiberglass Batt 



x 

1 



t 



Y 

1 



w 

1 




V 



x 

t 



V 

1 

z 

t 

w 

t 



>&2l 




/ 



COMPOSITE 
RVALUES' 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS « 


WW 


XX 


YY 


22 


PLATE'S 


01 P MUDS 


N£W STUP) 




MR FILMS, 


0.93 • 


0-93 


0.93 


0.93 


EXISTING %' SHEATH. J l&'siPiNti 


1.75 


1-75 


l.7f 




fXt^T/Na 2*4 5TUP5 AT lfe"o.£. 


500 


5.00 






BLOWN CELLULOSE 






l£>.O0 


16.00 


LATH AND PLANTER 


o.zo 


0.20 


0.20 


0.20 


vapor: barrie-R 










NEW 2*4 STUPS AT 24'b.C 


4,35 




438 






M \0 


22.19 


II . fO 


22.19 




0.45 


o45 


a 4-5 


0.45 






















TOTAL R VALUE 


23.81 


30.52 


34.3/ 


4-1.52 


TOTAL U VALUE 


O.042 


O 033 


O.029 


0.024 


FRAMING CORRECTION 


0.047 


O.059 


0.060 


O.804 


TOT. U X FRAMING COR. 


00020 


0.0029 


O.0OI7 


0.0/94 


COMPOSITE U VALUE \ 


ac?26 


COMPOSITE R VALUE v 


38-46 


EXISTING R VALUE 


4-.I5 


R VALUE ADDED BY RETROFIT 





RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 

COST 


TOTAL 
COST 


' 2*4 FRAM\N6> 


26.24 




54.40 


CELLULOSE 






1 30.72 


37:" HCfcKGLASb 6ATTft LAYERS) 


23.04 




^ "56.40 


VAPOR DARKER, 


5.42. 




IS. 82 


'/2" SHE-ETROCK 






45-64 






































\ 












TOTAL CONSTRUCTION COST 




TOTAL PRICE (COST + MARK UP) 1 232.4ft | 


CONSTRUCTION COST PER SQ. FT. ♦ 1 i.fc£ [ 








$/R - SQ. FT. ] 


. — ». 



9 

ERIC 



COMPOSITE 
RVALUES 


RVALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


Y-Y 


2-2 


PLAT&S 


OLP MUP5 




INSUU 


AlR FILMS 


0.93 






0 9) 


EXISTING ^' SHEATH, £ /^"siPiNtf, 


M5 


1.75 


1.75 


175 


EXISTING 2*4 STUP5 AT !fe"O.C. 


Sao 


5.00 






Blown cellulose 






16.00 


\6.0o 


lath and plaster 


O.ZQ 


0.20 


O.20 


0.20 


VAFOK e>AKR'£R 










New 2*4 5TUP3 AT Z4*tf.C. 


438 




4.3ft 




7'/z" FI&ER6L-ASS &ATT 


23.75 


23.78 


23.78 


23 78 


y/z" FieER6uA55 BATT 




M./O 




II. IO 


Yz" SHEET ROCK 


tf.45 


0.45 


0,45 


0.45 












TOTAL R VALUE 


36.49 


432/ 


47.49 


54.21 


. TOTAL U-VALUE 


O.OZJ 


0.02 3 


O.OZI 


acta 


FRAMING CORRECTION 




0.O89 


O.06O 


0.604 


TOT. U X FRAMING COR. 


0.00/3 


O.OOZI 


O.0OI3 


O.OI4J3 



COMPOSITE U VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



0.0/ 



2L 



47. 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



2*4 FRAMING 



blown ceu-ULAse 



IVz." FIBERGLASS DATT 



3'/z" FI&EKGLAS5 E>ATT 



VAPOR BARRIER 



'/z" 



SHEETKOCK 



MATLS 
COST 



26.24 



I.S2 



5.42 



LABOR 

COST. 



2816 



8.00 



7.68 



a. 40 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST + vMARK-UP) 



TOTAL 
COST 



54.40 



30.72 



34.24 



J 3. 82 



48.64 



lD\rOt 



25I.2& 



CONSTRUCTION COST PER $Q. FT. 



$/R - SQ. FT. 

0. 



60 



57 



I.F.S Wood Frame Wall And Siding, 
Interior Wood Framing. IT" 
Fiberglass Batt 




I.F.9 Wood Frame Wall And Siding, Blown 
Cellulose, Interior Wood Framing. 
1W Fiberglass Batt 



x 

1 



V 

t 

z 

t 

1 



m 




COMPOSITE 
R VALUES 


R VALUES THROUGH MAT LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


X-X 


YY 


z-z 






NtW STi/PS 


INSOL^. 


AIR FILMS 


093 


O.93 




0.93^ 




»75 


1.75 


1.75 


175 


£Xi5TlH6 2-* 4 AT Ikbe 


5.00 


5-0O 


/.Ol 


1.01 


LATH ANP PLASTER 


O.lO 


0.2O 


<3,2o 




VAPOR &ARKJE.R 










NtW 2*4 STqPS AT24 f bc:. 


4 38 










2370 


23.75 


23.78 


Z5.78 






1 uo 




IIIO 




0.4^ 


0.45 


0.45 


0.45* 






















TOTAL R VALUE 






32.50 


39.22. 


TOTAL U-VALUE 


OD11 




tf,03l 


0.025 


FRAMING CORRECTION 






O.06O 




TOT. U X FRAMING COR. 


0.OOI3 


0.0O2] 


O. OO/8 


o.ozoo 



COMPOSITE U-VALUE 



COMPOSITE R VALUE 
EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



4J5 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



2x4 PKAMINC^ 



7 , /z" GLASS 0ATT 



y/i" FI6CRGLAOS 6ATT 



VAFW CARRIER 



Vt" 5HEETROCK 



MAT'LS 
COST 



2-^.24 



26.24 



11.72 



5.42 



LABOR 

COST 



8.0O 



7. *8 



8 ; 4Q 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



5440 



19. 2jO 



13.82. 



48.^4 



l?^.3o 



TOTAL ?RICE(COST + MARK-UP) 



CONSTRUCTION COST PfeR $Q. FT. 



$/R 



9 

:RIC 



ISTRUC" 



FT. 



1 3.^3 y 



COMPOSITE 
RVALUES 


R-VALUES THROl 
HEAT FLOW PATJ 


JGH MATLS IfM 
HS AT: 


MATERIALS ^ 


W-W 


XX 


* YY 


Z-Z 






NfcW STUt^ 


/iNSUL. 


^ AIR FILM 5 




0.93 


(9.93 


^ 0.93 


EXISTING '5HfATH.£ /i"5»PlM6 


1.75 


1-75 


175 


175 


EXISTING 2x4-5T0P5AT \(do.C 




5.00 






ftLOWN C£LLUL05£T 






16. OQ 


I600 


LATH ANP PLA5TE-R 


0.20 


^.20 


0.20 


"0.Z0 


^POK 5ARRIER 










*4£W 2«4 5TuP5AT 24'b.£. 


4 38 




4.38 




7VFI0CRGLAS5 frATT 




2?>,73 


li.Ad 


23.76 


'A" 5H6E.TKOCK 


0.45 


tf.45" 


a 45 
























TOTAL R \fi(VLUE 


>2,7I 


32-M 


36.39 


43 J 1 


TOTAL U VALUE 


0.079 


O,o3! 


0,021 


0,023 


FRAMING CORRECTION . 


O.047 


CO 


O.OhO 


O.&04 


TOT. U X FRAMING COR. 


Q<Oo37 


0.O02& 


o.oo\6 




COMPOSITE U-VALUE • 


tf.0267 


COMPOSITE R-VALUE 


37,45 


EXISTING R VALUE 


4. IS" 


R VALUE ADDED BY RETROFIT 





RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 


2*4 FKAMIrt^ 


26.24 


28.16 




BUQWN CELLULOSE 






30.72, 


7 J , /t". fiberglass D*TT 


26.Z4 


* 8.00 


34.24 


VAPOR CARRIER 


5,4-2 


SAO 


13.82 


'/*/ 5MEet<OClK 






4ft. 64 


























^ — - 




















1 




TOTAL CONSTRUCTION COST „ 


IS 1.82 


TOTAL PRICE"(C0ST <f M/&K UP) - 


- 227. 7fi H 


CONSTRUCTION COST PER SO. FT. ' * 


II 




1 ^.»07 || 


$/R — SQ. FT. — >■ 



61 



tiki 



Wood Frime Wall And'Sidlng. Gut 
Reljab, 7/ Interior Wood Framing. 
J7m" Fiberglass Batt 



I.F.I 1 



Wood Fratne Wall And Siding, blown 
Cellulose 3" Insulwal On Interior 
v 




» 

Y 

t 



X 



w 

1 



7 



1 



■f 



etf8 



J* 

X 

1 



A 



w 

i 



COMPbSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN . 
HEAT FLOW PATHS AT: 


/ 

/ 

1 

V. 


COMPOSITE 

RVALUES V 


L VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 




X-X 


Y Y 


zz 


M^ERIALS 


h WW 


X-X 




ZZ 


PLATED 


OLD 5 TUPS 


NtW MUPS 


INSUL 






OLO m>P5 




AlK FILMS 




0.93 






AIR FILMS 


0-93 


0.93 


0.93 




EXISTING W'SMeATR < /i"^iPIM6 




1.75- 


/.75 


1.75" 


&XI5PN6 W^HEaVh.^oIPiMS 


1.75 


1.75 


1-15 




EXISTING 2x4 STUP5 AT 




5".00 






E XlSTlNG 2*4 5TUP5 AT 










3/i"F!C)tR6LA55 0ATT(3 LAVCRs) 


If. 10 


22.19 


22.19 


33.29 


&UOWN CELLULOSE 




\(o.00 






VAPOR &AKRIER 










L^TH ANO PLANTER 


0.7.0 


0. 20 


0.20 




NkW 2x4 AT 24"o.C. 






4.38 




3* INSULWAL w ' 




22. £7 






Vz" shee/t^o^ 


OAS 


0.4-5" 


0.45 


o.4r 
































7 ♦ 










j ■ 


















► — 


















f 


















TOTAL R VALUE 




30.32 


29.70 


36.42 




TOTAL R VALUE 




4-1 . <55 






TOTAL UVALUE 


O 042 


O 033 




o.ozi 


TOTAL U VALUE 


«0.O33 


0.024 






FRAMING CORRECTION 






<o. o^o 


0.&04- 


FRAMING CORRECTION 


0.04-1 


O.0 64 


O.OS^ 




TOT. U X FRAMING COR. 


0.0020 


O.oo29 


o.oozo 


0.0221^ 




TOT. U X FRAMING COR. 


0.0015 


O.O208 


o.oozj 




COMPOSITE U-VALUfe rf 


O.OZ90 




COMPOSITE U-VALUE 




COMPOSITE R VALUE 


34.4£ 




COMPOSITE RVALUE 




EXISTING R VALUE. ^-v*' 


4.15" 


EXISTING R VALUE 


til 


R VALUE ADDED BY RETROFIT 


3a32> 


R-VALUE ADDED BY RETROFIT 




RETROFIT CON 


ISTRUCTION COSTS 




RETROFIT CONSTRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 




MATERIALS LIST ' 


MAT'LS 
COST 


LABOR 

COST 


TOTAL. 
COST 


LATH f PLASTER PEMOUTION 






10. aa 




BLOWN CELLULOSE 






30.72 


NEW 2x4 F£AMIN$ 


26.24 


28.16 


54. 40 




y (M5ULWAU 






l<53.94 


Wz." FSfiERGLAK t*TT(3 LASERS] 




23.04 


57. 












VAPOR 


5.42 




13.82 




L 








'/i" SHEETROCK 




t 


48.64 














c 


i- v>, 






* 








r » ... # 
































































< 






















TOTAL CONSTRUCTION COSY 


1 85.54 




TOTAL CONSTRUCTION COST • 


134.^6 1 


TOTAL PRICE (COST + MARK-UP) • ^ 


231. 6& 




TOTAL PRICE (COST + MARK-UP) 


166.3^ 1 


CONSTRUCTION COST PER SQ. Ft. 


3.4>Z II 


CONSTRUCTION COST PER SQ. FT, 


a. 4,3 a 




a 119 1 


1 


$/R — SQ. FT. + 


^.c774 1 


$/R — SQ. FT. • ► 





ERIC 



62 



59' 



1 2" Blown Cellulose 



I 

A.2 



5" Blown Cellulose 





COMPOSITE 
RVALUES 


L VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 

/* 


WW 


XX 


Y-Y, 


2-Z 




JOiST3 


1M5UU. 




Emr/N6 CEtLiKi6 JOISTS 


r 


7.50 






L AT V\ ( PLASTER 




O.20 


0.20 




|2". &LOWN ££iXL)LOSk 




24.oo 


48.00 




VAPOK CARRIER 










Ntvs/ Stif$TKO OK 




a45 


a45 




air Films v 




1.22 


1.22 




• • 








— 


.. 








































TOTAL R VALUE ^ 




^3.37 


49.87 


r 


TOTAL UVALUE 




O.O30 


£.020 




FRAMING CORRECTION 










Tot. U X FRAMINQ COR. 




O.0027 


0.0 175 





•COMPOSITE UVALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



RVALUE ADDED BY RETROFIT 



4717 



1.22 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



12" BLOWN CELLULOSE 



VAP0K BARRlE-R 



MAT'LS 
COST 



5AZ 



LABOR 

COST 



S40 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST+ MARK-UP) 



TOTAL 
COST 



35.64 



13,82 



CONSTRUCTION COST PER SQ. FT. 



$/R — SQ. FT. 




ERIC 



00 



63 



COMPOSITE - 
R- VALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLPW PATHS AT: * 


MATERIALS 


WW * 


' XX 


Y-Y 


ZZ 






I^SUL 




EXISTING CEILING JO/STS 




7.50C 






L ATM AMP PUASTE-* 




0.20 


0.20 




I5"0UOWH CELLULOSE 




16.00 


(,0.00 




VAPOR &ARRI&R. 














o.45 






AlR F^ILMS 




1.22' 


1.22 


























A. 
























s 




TOTAL R VALUE 




45,37 






TOTAL U VALUE 




O.Oll 


O.OIfc 




FRAMING CORRECTION 










TOT. U X FRAMINQ COR". 




O.0028 


O.OJ4I 


— . — 


COMPOSITE U VALUE 




COMPOSITE RVALUE # 


5-9.17 


EXISTING RVALUE 


1.22 


ri-VALUE AdYTeD BY RETROFIT 




RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST ' , 








4-1.57 


VAPOR 5ARRIE.R 


5.4-2 




13.82 


W' SHEETRO^K 






















> 




— / 


/ 








"7— 


v * 










* 


/ 












1 






VI 




TOTAL CONSTRUCTION COST 




TOTAL PRICE (COST* MARK-UP) 


130.04- 


CONSTRUCTION COST PER SQ. FT. 




$/ftV^Q. FT. < ► 


<9;035-- 



ci 



V/i" Fiberglass Batt 



C.2 



VA" Fiberglass Batt. 3" losulwal On 
Interior 



< 





COMPOSITE 
R-VALUES 


R VALUES THROUGH MAFLS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


X-X 


y-y 


zz 






IN30L . 




EXISTING fiOOF \ AIR FILM-S 






2.46 




3'/z*FlC>£RGLASS &ATT 






11.10 




VAPOR BARRIER 














o.A-5 


£>.4-5 










































































TOTAL R VALUE 




10.4/ 






TOTAL UVALUE 




0.096 






FRAMING CORRECTION 




o.o&3 


o.9l7 




TOT. U X FRAMING COR. 




o.ooeo 


0.O6SS 





COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



13-61 



MATERIALS LIST 



RETROFIT CON STRUCT ION COSTS 
MATLS 



3'/2"FI5E-RGLASS BATf 



VAPOR CARRIER 



7z" she^ltrogk 



COST 



5.42. 



LABOR 
COST 



7.68 



8 .4o 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST + MARK-UP) 



CONSTRUCTION COST PER SQ. FT. 



$m - SO. FT 



9 

ERIC 



so. 



t 



TOTAL 
COST 



19.20 



1 3. ,32 



IQ2.ofl 



COMPOSITE 
RVALUES 


R VALUES THROUGH MATLS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


XX 


YY 


Z-Z 




RAFTER'S 


IN5UL. 




existing Roof $ a\r films 






2.46 




S'/x" R&ERquASS &ATT 






IUO 




•5" IN5UUWAL- 




22. &7 


22.67 




















































































TOTAL R VALUE 






36.23 




TQTAL U VALUE 




0.O3\ 


0.028 




FRAMING CORRECTION 






O.917 




TOT. U X FRAMING COR. 




0.OO25 


O.OZ53 





COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



_O027& 



33-35 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



3'/2."R^ERaA35 E>ATT 



2>" IM5ULWAL 



MATLS 
COST 



H52. 



LABOR 

COST 



TOTAL 
COST 



766 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST-t- MARK-UP) 



CONSTRUCTION COST PER SQ. FT. 



$/R - SQ. FT. 



19.20 



I5-4.25" 



173,45* 



2ife.ftl 



a 102 



64 



61 




Suspended Cei|ing. VA". 5'/j" . And 
1W layered Fiberglass Batts 




tdufTram 



New RdofTraming On Existing Roof. 
VA", W. And IVi" Layered 
Fiberglass Batts 




COMPOSITE 
RVALUES 



MATERIALS 



£Wrt\rt(i KOQF f A\R FILMS 



FLY WOO P 60 < ?SE.TS 



2x4 HANGING 



VAPOR BARRIER 



new Vi sheet rock; 



TOTAL R VALUE 



TOTAL U VALUE 



FRAMING CORRECTION 



TOT. U X FRAMING COR. 



R VALUES THROUGH MAT'LSJN 
HEAT FLOW PATHS AT: 



XX 



RAFTERS 



996 



a. 5^ 



0.45 



4332 



A 02 3 



D.oo/5" 



Y-Y 



z:A6 



523\ 



OA5 



55.22 



O.OI6 



0. 937 



7^ 



Z-2 



COMPOSITE U VALUE 



COMPOSITE R VALUE 



EXISTING R VALUE 

r-valuead6ed BY RETRO Fit 



O.OI65 



54-.Q5 
7&& 



5 1.47 



ft€f R0F1T CONSTRUCTION COSTS 



MATERIALS LIST 



3/ 8 " PLYWOOP ^USS£T5 



2*4 HANGING K.AFTER5 



e>/z" FI&ERQLAS5 BATT 



5/z" FI6£R(HASS t>ATT 



7'/ z " FI&eK<2iLAS5 BATT 



VAPOR CARRIER. 



MAT'LS 
COST 



1.52- 



13.44 



/ 1 .5"2 



26.24 



5.4Z 



LABOR 
COST 



15.44 



8.?Z 



TOTAL 
COST 



»2 



27.52. 



4-8,64 



TOTAL CONSTRUCTION COST- 



172,44 



TOTAL PRICE (COST+ MARK UP) 



CONSTRUCTION COST PER SQ. FT. 



SSL 



M - SQ. FT. 



COMPOSITE 
RVALUES 



MATERIALS 



EXISTING RQOP6AIRHLM 



£*4 CRIPPLE. 3TUPS AT 24Q.C 



2x4 PLATED AT IA CO. 



NfiW 2*6 KAfTEXS AT 24 00 



VAPOR &ARRIER 



3V2"FIC>tRGLAS5 BATT 



5/ t ^7V FIPERQLA5S 6ATT5 



NEW ROOFING ^ ftOQF P£CK , 



£ AIR. RLM 



TOTAL R- VALUE 



TOTAL U VALUE 



FRAMING CORRECTION 



TOT. U X FRAMING COR. 



R VALOES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 



W-W 



9.96 



6.88 



4121 



9.96 



6&OI 



o.oi5 



XX 



2.46 



12.50 



.10 



2.46 



25.52 



0.035 



0.002 



Y-Y 



plated 



2.4-6 



2.50 



1 1 JO 



5L70 



2.46 



50.22 



o. 020 



0.0009 O.oooi O.OOI3 o,OI52 



Z-Z 



2.46 



IUO 



41 21 > 

2.46 / 



57.23 



0.OI7 



067Z 



COMPOSITE U VALUE 



COMPOSITE rf-VALUE 



EXISTING R-VALUE 



REVALUE ADDED BY RETROFIT 



O.OI 75 



57J+ 




RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



VAPOR BARRIER 



2x4 CRIPPLE. $TUC75 



2x4 PLATES 



2x6 RAFTERS 



V/t" FIBERGLASS OATT 



5/x" FIBERGLASS BATT 



7>i" FIBERGLASS ft ATT 



NEW ROOF PE£K 



NEW ROoFlMG 



MAT'LS 
COST 



5:42 



3.04 



89fc 



19.84- 



11.52 



19.20 



2fe,24 



52 05 



38.06 



LABOR 

COST 



6 AO 



3.36 



7.89 



/9.20 



7.68 



&32> 



6.32 



32.43 



13.72 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



13.82 



6.40 



16.85 



39.04 



19.20 



2752 



34.56 



84.48 



51.78 



293,65 



TOTAL PRICE (COST + MARK-UP) 



367,06 



CONSTRUCTION COST PER SQ. FT. 



$/R — SQ. FT. 



0.IO5 



0 

ERIC 



62 



65 




COMPOSITE 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW ftfcTHS AT: 




COMPOSITE , 
RVALUES 


R VALUES THRCfUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS k 


WW 


XX 


Y-Y 






MATERIALS 


WW 


X-X 


YY 


Z-Z 




Joints 










Joists 






Air Films 




1.04 


1.84 






AIR FILMS. 




I.S4 


1,84 




V 4 " HAEDBOARD . 




, O.lft 


0. 18 


\ 




W HARD&OARP 




o. 18 


O.IS 




VAPOR OAPRlER. 










tXIST. %"5LfcFL0oK4 %"FfN. FLR, 




1.88 


1.88 




exist. You^lo^^'fin. fl* 




I. ad 


138 






E.XI5T. 2* JO JOISTS AT lfc>*O.C, 










£xi^T 2xlO JOISTS AT |4,o.C 




6.2 f 








VAPoK BARRIER 






i 




V/t" Fj&EKGlASS E>ATT 






IMO 






9Vx" Fl&ERGLA^S 5 ATT 






30.12 




t 




» 








































































































TOTAL R VALUE 


■ ■ 


/0.» 5 


15.00 






TOTAL R-VALUE 




15.78 






TOTAL U-VALUE 


- „ ... % 




0.0*7 




TOTAL U VALUE 




0.O63 


O.029 




FRAMING CORRECTION 




0.694 


0.906 






FRAMING CORRECTION 






0.906 




TOT. U X FRAMING COR. 




0.OO93 


0, 0604 






TOT. U^( FRAMING COR. 




0.0060 






COMPOSITE U VALUE 


0.O697 




COMPOSITP U-VALUE 


0-0326 


COMPOSITE R- VALUE 


I4-.35 


COMPOSITE R-VALUE 


30.67 


EXISTING R VALUE 


2. 92 


Existing r-value , ' 


2,92. 


R VALUE ADDED BY RETROFIT 


H.43 


r-val5e added by retrofit Y 




RETROFIT CONSTRUCTION COSTS 




RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MAT'LS 
COST 


LABOR 

COST 


TOTAL 
COST 




MATERIALIST 


MAT'LS 
COST 


LABOR 
COST 


TOTAL 
COST 


3/*" FIBERGLASS &ATT 


15.23 




24, 53 




9 '//FIBERGLASS &ATT 




11,52 


+3.80 


VAPOR BARRIER v 


5>2 


8.4o 






VAPOR" BARRIER 


5.42 


840 t 


.13.82 


'/ 4 " HARDDOARP 


6.4o 


12.16 






] U "HARD0OARD 


6.40 


\Z.\h* ' 


18,76 
















































i j- - . 














































































J" 


L 














TOTAL CONSTRUCTION COST 


57.21 




TOTAL CONSTRUCTION COST 


705.13 


TOTAL PRICE (COST+ MARK-UP) 


71.51 




JOTAL PRICE (COST + MARK UP) ' ! 95.^ 


CONSTRUCTION COST PER SO. FT. 

Up^ —x-Z 1 


mi 1 : 




CONSTRUCTION COST PER SQ. FT. J 1 


$/R - SQ. FT. — ^— ► 


0.098 I 


$/R - SQ. FT. ^ | o,o54 



• 66 



F.3 



2" Polystyrene/Stripit On Top Of 
Floor 



F/4 



4" Polystyrene/Stripit On Top Of 
Floor 



<7 





& 


f 






iViViiiuiiilViiiYi 


MOT. A 


U l»HI"l|i' 

lllili.lh.ih. 


" 'Mill 

iiiiii.iiilii 



< 




COMPOSITE 
R- VALUES 


R VALUES THROUGH MAT'LS/tN 
HEAT FLOW PATHS AT: • f 


MATERIALS 


W-W 


XX 


Y-Y 


yz-z 




JOIST5 






AlR FILMS 




1.84 


1.84 




N£W V4*PLYW00P SUGFLOOR 




0.94 


0-94 


0-94 


VAPOR e>ARRl£R 










^" POLr5TYREN£ STRIPlT 




6.00 




6.00 


EXIST. VSU&FLOO* £ VV'^IN.FLK 




1.6ft 


1.88 


1.68 


CX»ST 2*10 JOISTS AT \b M 0.C. 




1.88 






NAILERS * 




.0,63 


































JC 












TOTAL R VALUE 




13.17 




10.66 


TOTAC U-VALUE Tj 




O.076 


o,o79 


0.094 


FRAMING CORRECTION 




O.094 


C6I2 


0.094- 


TOT. U X FRAMING COR. 




O.0O7I 


0.0641 


O.0O88 



COMPOSITE U-VALUE " 



COMPOSITE R VALUE 



EXISTING R VALUE 



REVALUE ADDED BY RETROFIT 



O,0600 



I2.50 



RETROFIT CON 


STRUCTION COSTS 


MATERIALS LIST 


MATLS 
COST 


LABOR 

COST 


TOTAL 
COST 


2 "Pt>ur5TYR£NE 3TRIPIT 


21.76 


\Z.\h 


33.92 


VAPOR &ARR1ER 


542 


8.40 


15.62 


MEW WPLY^OP SUftFLOOf? 


^4.56 


12.50 


47.36 



































































TOTAL CONSTRUCTION COST 



95.IO 



TOTAL PRICE (COST* MARK-UP) 



CONSTRUCTION COST PER SQ. FT. 



$/R 



ISTRyCTION 
- ^Q. FT. 



LSI i 



9 

ERIC 



64 



COMPOSITE 
RVALUES 


R VALUES THROUGH MATLS IN 
HEAT FLOW PATHS AT: ' 


MATERIALS 


W-W 


XX 


Y-Y 


z-z 




Joints 


IMSUL 


NAILCKS 


AIR FILMS 




1.84 


1.84 


1.84 


MEW 5U0FLOOfc 




0.94 


0.9* 


o.94 


VAPOR 6ARRI&R 








■ ^ 


4- " PO LY5TY R £ H E 5TRlPlT 




12.00 


\b.00 


12.00 


fcXttT, %*SUftFLO0R$ WFIN. FLR. 




1.66 


i.aa 


(.88 


EXI^T. 2*10 J0I6TS AT K>'aC. 




i.&a 










0.63 




0.66- 






















1 ■ - i ■ ' 




















TOTAL R VALUE^a,. 




19.17 


20.66 


17.29 


t6tal u-value 




0.052 


0.048 


0.05S 


FRAMING CORRECTION 




0.094 


o.8i2 


O.094- 


TOT. U X FRAMING COR. 




o.oo49 




O.0054 



COMPOSITE U VALUE 



COMPOSITE R-VALUE 



EXISTING R VALUE 



R VALUE ADDED BY RETROFIT 



0.0496 



16 



2.92 



Z7.24 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



4"POLY5TVREN& 5TRIPIT 



VAPOR SARRief? 



MtW VV'PLYWOOP 5UDFLO0R. 



MAT'LS 
COST 



4-3.52 



5.42 



34.56 



LABOR 
COST 



24.32 



0.4O 



/2.60 



TOTAL 



CONSTRUCTION COST 



TOTAL PRICE (COST+ MARK-UP) 



CONSTRUCTION COST PER SQ. FT. 



$/R - SQ. FT. 



TOTAL 
COST 



67.84 



13.82 



47 36 



129.02 



TIT 



o.»46 



67 



F.5 



Sleepers On Top Of Floor. Vh' 
Fiberglass Batt, New Subfloor 




f 

7'/ 2 Fiberglass Batt Inside Rirh joist 
Perimeter. 2" Blue Polystyrene 
Blocking Between Joists . 




COMPOSITE . 
RVALUES 


R VALUES THROUGH MArLS IN 
HEAnf LOW PATHS AT: 


MATERIALS Z 


W-W ^ 


x-x 


YY 


•Z-Z 










AIR FILMS / 








1.84 


new y/pixwooo bu&FLoofc 




a94 


0.94 


0.94 


VAPOf? CARRIER 










2*4 SLEEPE.RS AT 14/O.C 




4.58 


-W 




y/i" PI6CRGLASS £ATT 






II, lO 


H.IO 


6XI5T. Y 4 * SU&FLOOR T %"f=IN. PLfc 




I 88 


1 88 


1.6ft 


exist 2*«c3 JOISTS AT fc'O.C 




















i : 






























TOTAL R-VALl£ 




9.04 


15.74, 


17.64 


TOTAL U VAL.UE * 




o.m 


0.063 


0,057 


FRAMING CORRECTION 




0.094 


0.812 


0.094 


tot. u x Framing cor. 




0.OIO4 


0.05"I5 


O.0O53 



COMPOSITE U-VALbE 



COMPOSITE R VALUE 



EXISTING RVALUE 



R VALUE ADDED BY RETROFIT 



O.O 61 2 



T±M_ 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 


MAT'LS 
COST 


LABOR 
COST > 


TOTAL 
COST 


2x4 SLEEPERS 




II.20 


24.6,4 


VAPOR BARRIER 


5.42 


8.40 


* 13.82 


MEW. V PLYWOOP <3l)0FLOOfc 


3fc.80 


12.16 


48.96- 


3'/a* FIBERGLASS E>ATT 




7.68 


20.48 






























— . ■ - . B. 












^_ 




- . > . - • 












TOTAL CONSTRUCTION COST 




TOTAL PRICE (COST* MARK UP) 


I34.W I 


CONSTRUCTIQN COST PER SQ. FT. 


2 l» I 


sin - SO. FT. 


O.I76 1 





9 

ERIC 



\ 



COMPOSITE < 
RVALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


*x 


Y-Y 


Z-Z 


Joi**T3 




WA.UU 




2" POLYSTYRENE DLOCKINO* 


ji 


10.00 






vapor barrier 










7/2" FIBERGLASS &ATT 




23.73 


23.78 




txtsr 2*10 joists at \(o"csc-i 


I0.0O 








tXl^TiN6%'SH£ATH:4/t'SIPIMG 


1.75 








2* IO RIM JOIST 


2.50 








a H concrete: 






•0.08 ' 




AIR FILMS 


^0.93 




0.93 


































TOTAL R VALUE 


/5.I& 


38.9fc 


2*59 . 




TOTAL U-VALUE ■ 


0.06fe 


0.O2fe 


O.039 




FRAMING CORRECTION 


0.042 


029I 


0.667 




TOT. U X FRAMING COR. 


0.0025 


0.0075" 


0.O26I 


4 



COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTING R- VALUE 



R VALUE ADDEO BY RETROFIT 



O.O^bA- 



27.47 



2,31 



RETROFIT CONSTRUCTION COSl 



MATERIALS LIST 



2 "P0LYSTr*£N&VL6<iKlN<i 



V/i'FietKGLASS BATT 



IK ?.(*. MTT PETWEEH J0I5T5 



VA.POR &ARR1ER 



CAULKING 



MAT'LS 

COST- 



3.56 



I7.fc2 



2.35 



l.3fr 



3.12 



LABOR 

COST 



2.\8 



5.34 



74?" 



6.30 



4. do 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST+ MARK-UP) Nj 1 



CONSTRUCTION COST PER SQ. FT. » 



S/R - SQ. FT. 



TOTAL 
COST 



5.74 



22.96 



3.79 



7.6b 



*4T3T 



6o o4 | 



S3 



68 



65 



p.l 



2"' Blue Polystyrene Extended 8ft. 
Down (Footings Assumed At 6 Ft. 
Below Grade) 



P.2 



^h**13lue Polystyrene Extended 8 Ft. 
Down (Footings Assumed At 6 Ft. # 
Below Grade) 



X 

t 



w 




V 




COMPOSITE 
RVALUES 



MATERIALS 



AfR FILMS 



VAPOR ESARRlELR 



/a " 5HEATHIM6 



8" CONCRETE 



TOTAL R-VALUE 



JTfllAiJJVALUE 



FRAMING CORRECTION 



TOT. U X FRAMING COR. 



R VALUES THROUGH WKTLS IN 
HEAT FLOW PATHS AT: 



W-W 



fXX 



0.93 



lo.oo 



O.l! 



a«8 



11.92 



0.^39 



/.OO 



0.83,9 



YY 



Z-Z 



COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTING R-VALUE 



R-VALUE ADDED BY RETROFIT 



Q.639 



I 1.92 



10. I I 



RCTRQ FIT CO NSTRUCTION COSTS 

— p . ; — 



MATERIALS LIST 



E-rfdi^Af ion <>v*. ±o«l 1 'V 1 . 

HAND , 7* W ITH ftACK HOB, 1 



VAPOR fcARKIEJ? 



2" PPUr5TYRtNt 



yy* SHE- AT HlHfr 



FILL- 




MAT' LS 
COST 



5.42 



23.52 



LABOR 
COST 



48.oo 



8.4o 



12,16 



8 -6>4 



3776 




52. \b 



32J6 



.37.76 



TOTAL CONSTRUCTION COST 



TOTAL PRICE (COST + MARK UP) 



~ 153:90 



CONSTRUCTION COST PER SQ. FT. 



3.56 



i/R - SQ. FT. 



1 a5?5~ [ 



O 66 

ERIC , 



COMPOSITE 
RVALUES 


R-VALUfeS THROUGH MATLS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


W-W 


X-X 


Y-Y 


Z-Z 




WALL 






AIR FILI^S 




0.93 






• VAPOR CARRIER 










4" POLY6JYRCNE 




2o:oo 






'/V'. 5HEATHIKl£ 




O.l I 






8* CONCRETE 




o.aa 














































i 




















TOTAL R VALUE 




21.92 






TOTAL U VALUE 




00 456 






FRAMING CORRECTION 




I.OO 






TOT. U X FRAMING COR. 




O,o454> 







COMPOSITE U-VALUE 



COMPOSITE R-VALUE 



EXISTING R-VALUE 



R VALUE ADDED BY RETROFIT 



2I.<?2 



1.81 



20.11 



RETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 




CAVATioh4iAV6.f>oiu> y**r 

P, ■/« WITH PAC^HO*) 



PoR PARJRIER 



POLY5TVREM6- 



SHEATHING 



&A/1KFU-L 



MATLS 
COST » 



,5.42 



80.oo 



23.52 



LABOR 
COST 



4&.Q<? 



S.4-0 



24.3£ 



8.64 



3776 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



48.00 

IT" 



104.3 



37.76 



2*6.(36 



TOTAL PRICE (COST* MARK-UP) 



I 295. 



CONSTRUCTldN COST PER SQ: FT. 



$/R — SO. FT. 



4*L 



0.229 



•69 



P. 3 



X 



VBlue Polystyrene With 2 Ft. Skirt 
t 2 Ft. Down (2 Ft. Of Concrete 
Assumed Above Grade) 




Composite 

R VALUES 


R VALUES THROUGH MAT'LS IN 
HEAT FLOW PATHS AT: 


MATERIALS 


WW 


XX 


YY 


Z«Z 




FDUMDaYiom 






* air films 


t ■ 

> 


0.93 






VAPoR. bARfci£R 










4" POLY5TV RENE 




2O.00 






'/z - 5H6ATHIMG, 




0.11 






8," COM CRETE 








1 






























































TOTAL R VALUE . 




21.92 






TOTAL UVALUE . 




0.04-56 






FRAMING CORRECTION 




1.00 






TOT. U X FRAMING COR. 




0.045b 







COMPOSITE U-VALUE 



COMPOSITE R VALUE 



EXISTINQ R VALUE 



R-VALUEjftDPEDBY RETROFIT 



0.*04-5 h 



21 92 



20. I I 



ETROFIT CONSTRUCTION COSTS 



MATERIALS LIST 



EXCAVATION fAV£,6otL;&T fUNp) 



VAPOR BARRIER 



4" POLYSTYRENE. 



W' SHEATHING 



PACKFILL 



MAT'LS 
COST 



2.71 



25.52 



LABOR 
COST 



.46.22 



4.ZO 



18.24 



d.64 



12.98 



TOTAL CONSTRUCTION COST 



TOTAL 
COST 



4-6.22 



6.9 1 



^ 70.24 



32.16 



12.98 



TOTAL PRICE (COST + MARK-UP) 



220 64 [ 



CONSTRUCTION COST PER SQ. FT. 



$/R SQ. FT. 



erJc ■ 



Notes pertaining to data tables. 

r — ■■■ — — — 

E. F.I - 7 and I.F.I -II; 

R-value for existing 2x4 studs assumes full, 
2"x4' dimension, 

F. I: 

R-value for 2x 10 floor joist assumes heat loss 
at sides of joist past the VA" fiberglass batt, 
thus reducing its full-depth R-value. 

F.2: ^ , 
R-value for 2x10 floor joist assumed at full- 
depth R-value. 

F.3-5: ' 
R-value for 2x10 floor joist assumes joist acting 
as a conductive fin, resulting in an R-value of 
1.88 only. 

B.I: 

Crawlspace depth is assumed to 24 inches. 



70 



6 7 



• 
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Solar/Conservation Retro/its 

Wayne llolcornb 
Alio, oa 

IX )K Contract No. 
DE-FC44-81R410505 
AIM IS II): OA HI -006 
A volunteer firohouse was insulated 
and weatherizod to take advantage of 
passive solar gain. Sunlight entering 
the southern and clerestory windows is 
absorbed by the firetruck water tanks, 
the concrete slab floor, and a coj>crete 
block interior wall. A dostratification 
area fan pushes Warm air from tho 
clerestory area down and around the 
firetruck water tanks. 

Douglas Huff 
dimming. GA 
DOR Contract No. 
DE-FG44 81 R4 10450 
ATM IS ID: CA 81 005 
The grantee attempted to reduce heat- 
ing and cooling bills for a commercial 
» building by adding insulation, Using 
storm windows, extending 'overhang 
eaves, using dn attached solar green- 
house, enclosing a porch to act as an 
airlock, using attic and ceiling fans, 
pulling air through a cellar for precool- 
ing in the summer, and adding grape 
arbors. Summer temperatures are 
reported -to be lower by 10 degrees F. 
Winter gas consumption is reportedly 
reduced. 

Catherine Wickenuan " ^| 

Springfield, II. 
DOE Contract No. & 
D E FC 02 80 R 5 10216 
ATM IS ID: IL-80-009 
A beach house was insulated, weather- 
izod, and retrofitted with a south-facing^ 
trombe wall. Rolling metal doors on a 
timer cover the trombe wall at night to 
protect the glazing from vandalism^und 
provide additional insulation. 



Tim Hansen 
Wichita, KS 
DOE Contract No. 
DE-FC47-80R701145 
ATM IS ID: KS-JKMXK2 
Tho grantee conducted a study for a 
housing project to examine the correla- 
tion between building orientation and 
the effectiveness of conservation activ- 
ities to electrical consumption. The re- 
sults make a strong case for residential 
conservation measures. It was Also 
found that the southwest- and west- 
facing units consumed the least 
amount of electricity. 

John Hanson 
Jefferson, MD 
DOE Contract No. 
DE-FG43-80R302405 
ATMIS ID: MD-80-002 1 
The grantee used quadruple glazing for Hm 
a vertical wall passive solar retrofit. 
Twp tempered panes 6nd two layers of 
3M polyester high solar transmittance 
film were used to increase heat reten- 
tion for a 6,000 square foot historic 
mill. Problems were encountered and 
reportedly overcome when thermal ex- 
pansion 'caused two glass panels to 
contact with cap strip screws, The in- 
itial system checkout by the grantee 
indicates that the goal of meeting 80 
percent of total building heating needs ' 
may be achieved by the system. 

Jay Johnson * 
Excelsior, MN 
DOE Contract No. 
DE-FC02-79R5 10130 
ATMIS ID: MN-79-001 
The grantee evaluated winter resorts 
in Minnesota, Wisconsin and Michigan 
and calculated energy needs for each 
cabin type. Recommendations were 
made to first weatherize and then 
utilize solar energy wherever possible. 
Estimated energy load reduction is 
given for each energy conservation and 
. passive solar strategy. 



F)rad Hokanson 
Minneapolis, MN 
DOE Contract No. 
l)E-FC02-^80R510235. * 
ATMIS ID: MN-80 002 
Th$ grantee produced a general over- 
vicvv of conservation and solar strate- 
gies in Minnesota. The various ap- 
proaches were applied to three types 
of pro-1958 single-family detached 
hou.tos. Three levels of improvements 
are ranked in sots fr(Jm minimal to 
optimal. 

Oswald Williamson 
Butte, MT 
DOE Contract No. 
DE-FC48-79R8004*43 
ATMIS ID: MT-79-003 -« . 

The grantee hired a contractor to) 
retrofit the Indian Alcoholism Center 
v ljalfway House. The building interior 
w&s insulated and weatherized and 
then retrofitted with 538 square feet of 
triple glazing on the south brick wall. 
The contractor reportedly indicated 
that a superinsulation retrofit would 
have been more cost effective. 

George SuckariehN 
Cincinnati, OH 
DOE Contract No. 
DE-FC02-81R510320 
ATMIS ID: OH-81-003 ^ 
The grantee performed a feasibility 
study for glazing masonry walls (i.e., 
trombe wall) in economically de- 
pressed sections of cities. A cost-per- 
square-foot estimate for the glazing 
was $5. Using a microcomputer and 
varying parameters (air infiltration, in- 
sulation, and costs of glazing and 
energy), an optimum was determined 
for a case study building. Using the 
Solar Load Ratio method for evaluating 
passive solar heating, the calculated 
energy savings on a building in Cincin- 
nati was 21 Btu/hour/square foot of 
glazing (a solai; heating fraction of 24 
percent). 



# 
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Mark Pnlnior 
Eugene, OR 
DOE Contract No. 
I)K -FG5l-40K00054!i 
ATM IS ID: OR 00 010 

The grantee designed guideline. 1 * for 
solar ami conservation retrofitting of 
existing housing in the Oregon climate. 
An existing boarding house was re- 
vamped as an experimental site. The 
testing included altering the, mass-to- 
glazing ratio, performance' -measure- 
ments of an insulating, operable win-" 
dow cuHain and the use of infrared 
photography to chock for infiltration. 

Joseph Carter <* 
Emmaus. PA 
DOE Contract No. 
DE-FC43-B0K30241B 
1 ATM IS ID: PA-8O-020 

A 90-year^)ld brick residence was ret- 
rofitted with two trombe walls (377 
square (oot), a^scasonally glazed porch 
(100 square feet), and a greenhouse 
( 1 113 square feet). Conservation /meas- 
ures (insulation, woathorstripping, etc.) 
prior to the grant reduced th<i space 
heating load from £3.4 to 10.4 Btu/ 
square footJdegroe ^ay. X n0 solar ret- 
rofit is reported to 'tyiv6 reduced the 
space boating load th 6.9 Btu/square 
foot/degree day. 

Phillip Vinall 
Philadelphia, PA 
DOE Contract No. 
DE-FC;4^fl0R302430 
ATM IS ID: PA -80-0 14 

The grantee retrofitted an unfinished 
rovvhouse for energy conservation with 
an attache<l solar greenhouse, interior 
mass storage, whole house fan, wall 
and ceiling design features, and exte- 
rior and interior insulation. 

Kay Shlill 
Langhorne, PA 
POK Contract No. 
DE-FG43-81R308094 " 
ATM IS ID: PA-8 1-003 
The Peace Valley Njaturp Center was 
insulated, weathoriped and retrofitted 
with a passive solar greenhouse. TVn 
addition was added to the* original 
building, dpubling the size of the struc- 
ture. No performance data is available, 
but since the foundation, walls and 
ceiling were insulated and the green- 
house was added, th^ heating load was 
decreased enough to eliminate the oil 
furnace. The furnace was replaced 
with a wood stove Jor backup heat. 



fames Thibualt 
Clandale, RI 
DOE Contract No. 
DEFC41 flOKl 10397 
ATM IS ID: KI -80-007 
The grantee hired a contractor to ret- 
rofit tho south wall of a church/com- 
munity hall. Tho entire south wall was 
glazod with KalWall at a cost of $4000;, 
an additional $1600 was spent on insu- 
lating the exterior of the throe remain- 
ing walls with Thermax rigid insula- 
tion. No performance data has boon 
gatherod and the trombe wall has not 
neoded venting even in tho summer ac- 
cording to tho grantee. 

W. Roy^Floch > 
Connell, WA 
DOE Contract No. 
DE-FG51-01R001247 
ATM IS ID: WA-81-013 

The grantee used 480 square feet of 
glazing and enclosure materials to 
cover a stagnation trombe wall. 

Don Higgins 
Spokane,*WA 
DOE Contracf No. 
DE-FG51-81R001249 
ATM IS ID. WA-81-015 

The West Central Community Center 
financed and helped five low-income 
residents install five vertical wall solar 
collectors, which when combined with 
weatherization, wore expected to 
result in a 30 percent reduction in 
- home energy consumption. The ver- 
tical, straight line airflow collectors 
with heat fins and back pass panels 
vyore dovelopod by a local manufac- 
turer. At the time of the final report, 
two houses were being retrofitted. 

Thomas Brown 
Stevens Point, WI 
DOE Contract No. 
DE-FG02-80R510252 
ATM IS ID: WI-80-006 
Members of a cenf^H WiscoriBirNco-op 
retroftjted a trombe wall solar collec- 
tor on a 12-foot by 36-fbot section of old 
masonry wall. Two layers of glazing 
made from fiberglass-feinforced poly- 
ester were assembled by volunteers 
and installed at a reported cost of $5 
pen square foot. Based on projected 
fuel savings of $169 p$r year, plus a 10 
percent per year fuel cost escalation, 
the co-op estimates an 8-year payback . 
on their investment. Modifications to 
increase efficiency are on-going. The 
co-op also has, prepared a ^how-to" 
booklet on tronihe^alLin^rffation. 



Jonathan Averill 
Sandstone, WV 
DOE Contract No. 
DK--FC43 4)0R30244fl 
ATM IS ID. WV 80 003 

The grantee constructed a passive 
trombe wall on the south wall of the 
Croon Sulphur Fire ! I All. The rest of 
the building was insulated and weath- 
er tMd as wel] 




ew Passive Solar/ 
Superinsuiation 



Y 



Ross and Carolyn Duffy 
Topeka, KS 

DOE Contract No. > 
DE-FG47-79R701014 
AT MIS ID: KS-79-005 
Tho report doscribed an earth-bermod, 
high mcyjs (concrete) house with direct 
solar gain, trombe wall and R-50 insu- 
lated ceiling^. Wood is used as a back- 
up source of heat. 

Edward Allen 
Ralston, NE 
DOE Contract No. 
DE-FG47-79R701038 
ATMIS ID: NE-79-001 

The grantee proposed a liew energy- 
conserving method of house construc- 
tion using walls on the inside and out- 
side of a polo frame, which created a 
cavity of 8 to 10 inches. The cavity was ' 
then filled with blown cellulosfc insula- 
tion. The design wa* intended to cut 
heat loss by one-half, compared to con- 
ventional construction. A wood stove 
provided auxiliary heat as do the 
south-facing passive solar windows. 

Republic Kiwanis Club \ 
Republic, WA 
DOE Contract No. 
DE-FG51-61R001250 
"ATMIS ID: WA-81-016 
The 'Republic, WA Kiwanis Club con-' 
A Striicted a 600-square-foot passive 
{obhMxrnimunity center. The Trapezoid 
structure employs earth-berming on 
tho north, s ^ e . superinsuiation (R-20 
foam sheets on the exterior t walls, 
R-40 cellulose blown between 2x12 
rafters), air-to-air heat exchangers, an 
insulated slab flool/and an active solar 
hot water system. Reportedly, 83 per- 
cent <3f the center's 1 hotting require- 
ments, '.will .be supplied with solar 
enorgy despite only 29 percent possible 
sunshine. e „ 
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lames Undorwood 
Cherry Grove, VV.V 
IX)K Contract No. 4 

\w. FC4:i -ttiRaoHicm 

AIM IS 11). WV-lll 004 
Tho grantee dovolopod o low-cost de- 
sign for a 900-square foot house witb 
lightweight ^oncrete walls (cement 
mixed with porlite) and truss boa in 
rafters insulated with 12 inches of 
fiberglass. Tho grantee designed the 
house to accommodate an exterior 
retfpfit if necessary. The exterior walls 
could In* easily sheathed with Thormax 
rigid insulation and finished. The house 
as designed remains cool in the sum- 
mer and warm in tho winJwr according 
to the grantee. 



Qthev Retrofits 

W. Robert Lowsijitor 
St Petersburg, F|. 
IXJK Contract No. . 
D^FC44-80R4 10292 
ATM IS ID: FL-WH019 #^ 
A residence waft remodeled, superiusu 
latod and coupled to the ground by 
aluminum rods for the purpose of heat , 
transfer. Tho* shell wn{{ insulated with 
four inchos of - exterior u rot bane. 
Aluminum rods wore driven into tho 
ground (10 feet) and the extended ends 
imbedded in a newi masonry wall. 
Kribrgy use was significantly reduced, 
although no comparisons were made 
except gross estimates. 
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Air-to-Air Heat Exchangers, William 
Shurcliff. Brick House Publishing Co., 
Andovur, MA. 1962. 

An essential element in the airtight, 
superinsulated house is the air-to-air 
heat exchanger. This book explains the 
fundamentals of how those boat ex- 
changers work and describes the par* 
ticular differunens in the various prod- 
ucts available, 
i 

Air-V(ipor Barriers, David Kyre and 
David ((innings. Saskatchewan Re- 
search Cguncil, Saskatoon, Saskat- 
chewan, 19H1. 

This is the best source on air-vapor 
barrier details. While the book is* 
limited in its discussion of nev\ con- 
struction, it provides an understanding 
of the importance and fund ion ings of 
air-vapor barriers in superinsulated 
construction that is essential to retro- 
fits as wcill. Well-diagrammed, many of 
the teqlnuques are easily adaptable to 
retrofits. 

A Double Wall Belro/il Project, I.R. 
Warknntin. published by the author, 
Winnepeg, Manitoba, 1902. ■ 

This is an excellent case* study of an 
exterior retrofit, explaining the retrofit 
process in great detail. Available for 
$3.05 by writing to Box 50, Group 32, 
RR in," Wmnopeg, Manitoba, R3C 4A3. 

Energy Conservation Guidelines, Vol. II 
- Heliabilitatidn, Travis Price III, Insti- 
tute of building Sciences, Carnegie- 
Mellon University. Pittsburg. PA. 1981. 

Th^ book, the second volume of a 
three? volume set, (Vol. I-New Construc- 
tion, Vbl. Ill-ft/fedf of Occupant " Be- 
havior on Knergy Ust? in an Inner City 
Neighborhood) presents the results of a 
comprehensive plan for making an en- 
tire neighborhood more energy^ effi- 
cient. The conservation retrofit is 
found to be by far the most cost- 
effective approach. The book gives 
detailed advice on how to perform an 
energy conservation rettofit, especially 
in neighborhoods with special historic 
and architectural characteristics. 

"Knergy Conservation and Solar 
Knergy for Historic Buildings: Guide- 
lines for Appropriate Designs, " 
Thomas Vonier, National Center for 
Architecture and Urban ism, Washing- 
ton, DC, 1981. 



Ibis brochure offers* guidelines for 
the application of conservaton and 
aolar retrofits toliistoric buildings from 
the' Sot: rotary of Interior Standards for 
Rehabilitation. 

Heat Saving Home Insulation, Solar 
Age Magazine, SolarVision Publica- 
tions, Harrisville,.PA, 1982. 

This book takes the approach of do- 
scribing materials and equipment, and 
how to apply them. It deals with walls, 
windows, doqrs/and air-to-air heat ex- 
changers. It contains a good listing of 
, suppliers and manufacturers rind pro- 
vides a mix of new and retrofit insula- 
tion techniques. * 

Home He(ro/iUinJ$ for Knergy Savings, 
Paul A. Knight. Van Nostrand Reinhold 
Co., New York, 1983. 

A great how-to manual for retrofits. 
Although it does not describe projects 
as major as suporinsulation retrofit, it 
does describe retrofit work in enough 
detail to aid someone doing a superin- 
sulated retrofit. The book has many 
good illustrations and even covers safe- 
ty. Chapters include window retrofits, 
door retrofits, insulation retrofits (this 
chapter thoroughly describes furring 
out interior walls, adding rigid insula- 
tion to exterior walls, and other items 
that are part of a major thermal 
retrofit). 

"Larsen Truss Information Package," 
John. Hughes, Passive Solar Designs, 
Ltd. #204, 10830 107fh Ave., Edmon- 
ton, Alberta, T5H^)X3. 

This pnwkage contains complete con- 
struction details and specifications for 
making' your own Larsen trusses. It in- 
cludes such items as corner details and 
installation procedures. Available for 
$15. 

fi/e Cycfc Costing for Dfesign Pro/es- 
sionals.^Alphonse Dell'lsola and 
StephenT^irk, McGraw-Hill Book Co., 
New York, 1981. 

There are manyj^ooks olf the market 
desribing how to calculate life cycle 
cost analyses. This btfok describes bow 
to consider all the significant costs of 
ownership over the economic life of 9 
particular building project. 

Remodeler's Handbook, Benjamin 
Williams, ed., Craftsman Book Co., So- 
lana Beach, CA, 1981. 



This book states that the energy con- 
servation retrofit of a house should 
ideally occur in conjunction with the 
overall rehabilitation of the building. It 
describes many techniques not usually 
found in new construction. This is one 
of the best books available on the 
subject. . 

Renewable Knergy News, P.O. Box 
4861), Station E, Ottawa, Ontario, K1S 
5B4. 

Originally liflntod to Canadian news, 
Renewable? Knergy News now covers' 
developments throughout North Amer- 
ica. It is one of the best renewable 
energy journals available and is par- 
ticularly strong in areas of energy- 
efficient residential construction, with 
timely articles on projects, products, 
and techniques. 

SiftUjWied Knergy Design Economics, 
HaWld K. Marshall and Rosalie T, 
Kuggs, Principles of Economics Ap- 
plied to Knergy Conservation and Solar 
Knergy Investments in Buildings. 
Center for Building Technology, Na- 
tional Bureau of Standards, U.S. Dept. 
of Commerce, .1900. 

This is one of the clearest handbooks 
available for computing the economic 
benefits of energy saving investments. 
It describes five economic analysis 
tools: Life-cycle costs, net benefits or 
savings, savings to investment ratio, in- 
ternal rale of return and discounted^ 
payback. This is a handy tool because 
it is specifically aimed at energy in- 
vestments in buildings. Available from 
U.S. Government Printing Office. Stock 
No. 003^3-02155-3, $3.50. 



Superinsulated Houses and Double 
Envelope Houses, William Shurcliff, 
Brick House Publishing Co., Andover, 
MA, 1981, 

This book, which describes and com- 
pares superinsulated and double enve- 
lope construction, is probably the best 
available general introduction 1 to 
superinsulation. Shurcliff concludes 
that superinsulation is the better of the 
two techniques compared. 



The Oki House Journal Monthly, 69A 
Seventh Ave, Brooklyn. NY. 

This \h ii monthly magazine that con- 
tains many useful and technical idons 
on properly rehabilitating old houses. 
One of tho major issues it coverajs inte- 
grating energy conservation with arch- 
itectural preservation. Available for 
$16 a year. 

"The Secretary of Interior's Standards 
for Rehabilitation," National Park 
Service, Technical Preservation Serv- 
ices. Washington. DC, revised 1980. 

TImsq are the standards a rehabilita- 
tion ujust moot if a developer wants to 
take advantage of the 25 percent tax 
credit for rehabilitating historic 
buildups. The standards and accompa- 
nying guidelines are established to pro- 
tect the most significant elements of a 
building's historic and architectural 
character while allowing the designer 
to make modifications in the building 
so it will be useful in today's economy. 



V 



The Supcrlnsuldled Retro/It Book, 
Brian Marshall and ^Robert Argue, Re- 
newable Energy in CanAdn. Toronto, 
Ontario, 1981. 

This is the most complete, commer- 
cially available book on the suporinsu- 
lated retrofit. It contains an excellent 
introduction to the concept and is well- 
illustrated. It is written for the owner/ 
builder. It provides a good overview of 
the construction sequence. 

'The burped -Off Housed Uarry 
Pn I miter ana Barbara Miller in Solnriz- 
ing Your Present Home, Joe Carter, ed., 
Rodale Press, Emmttus, PA, IffOI. 

Although the jest of this book is 
about solar retrofit, this one chapter is 
perhaps the best fnece available on us- 
ing conservation measures to make a 
home more energy efficient. It offers 
an excellent and easy-to-undorstand 
methodology for calculating the cofet ef 
foptfvl5fiess of various conservation 
imwsures. 
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From 1978 to 1982 the U.S. 
department of Energy provided 
dboul 2,200 grants to a cross-section 
of Americans with good ideas for 
saving energy. Their projects .reveal 
how a broad range of appropriate 
technologies actually work - from 
the farm to the^ country's largest 
(ities 

^Their ^experiences have been ex- 
amined and presented in a <tfries of 
thirteen informative publications. 
Your State energy offices have a 
limited number of these publications 
available without charge. Addi- 
tional copies are on sale at U.S. 
Government Printing Office 
Bookstores near "you. 



APPROPRIATE TECHNOLOGY 
AT WORK: Outstanding Projects 
Funded by the U.S. Department of 
Energy Appropriate Technology 
Small Grants Program 
(197e-19&l). 0 

Highlights twenty of the many stfccess stories 
that are found in the DOF grants program 

<;r\/>«>i-ottvoo6<»7 

WASTES TO RESOURCES: 
APPROPRIATE TECHNOLOGIES 
FOR SEWAGE TREATMENT.AND 
CONVERSION 

Presents background information on conven- 
tional af\d altermfiive sewage treatment in the 
Umted States and the key issues facing 
xynutpal sewage managers < 

-TO 061-000-00611 7 
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DRYING WOOD WITH THE S$N: 
HOW TO BUILD A SOLAR- 
HEATED FIREWOOD DRYER y 

i - 

S'hinvs the over 14 million firewood user 1 , in 4 
A me run how to buijd an efficient low-i ost 
firewood dryer 'and Contain* suggestions for 
more efficient burning'^fthe ftrywood 
Cl»<*) 06! -000 0061 J 3 ' "* 

MblSTURE AND HOME ENERGY 
CONSERVATION 

hocuses on detecting moisture problem* in 
the home and how to correct them atid*m 
dudes a training supplement on how to i on 
duct a moisture audit in a home 
(.IX) 061 0OO006KV0LJ* 

photovoltJcs in the 
pacific isjlands: an 
introduction tq p\l 

SYSTEMS 

Helps' teachers, adult educators, and torn 
muruty leaders m the Pacific Islands explain 
tlie basic parts of a PV system *• 
CVO 061 000-00616-S 

USING THE EARTH TO HEAT 
AND COOL HOMES 

Provides a guide to using the earth as a readi- 
ly available, low-cost resourQQ for space 
healing and cooling with a focus on installa- 
tion* economics, reliability and performance 
of systems utilizing low grade geotherrnal 
energy and earth-tempered air systems. 
GPO 061 000 00620 6 

INTRODUCING SUPPLEMENTAL 
tOMBUSHON AIR TO GAS- 
FIRED HOME APPLIANCES 

Shows consumers and buildiffg trades people 
Mow to increase heatiftg system efficiency by 
using otttshie or supplemental combustion air 
and also includes a $et of basic how-to in- 
structions to allow Consumers to build 
necessary ducts and vents Code and safety 
implications of these actions are thoroughly * 
aMressed. 

two 06! ooo 00621 4 ty 



SOLAR GREENHOUSES AND 
SUNSPACES: LESSONS 
LEARNED 

r * 

bo( uses -on the experiences of hundreds of 
DOL gtalfBts who designed arid bildt 
greenhouses . tirui exarmries individual 
greenhouse components w m(U\fing framing 
glaimg storage ventilation and tontrol 
met harwnns 
(il'OjtanxX) 006J? 1 

HEAT-RECOVEKY ventila- 
tion FOR HOUSING: AII^TO 
AIR HEAT EXCHANGERS 

~/T«( hes owner buiTtieri. budding trades peo- 
ple, arui designU^ liow to size + ventilation 
system* for A m netgy -efficient housing Major 
emphasis is pliued on the air to air heat ex 
changer 

(ilHl (K>l (HX) IKKi^l / 

MAJOR ENERGY CONSERVA- 
TION RETROFITS: A PLANNING 
fcUIDE FOR NORTHERN 
CLIMATES * 

Contains state of the ar t mfategies for the 
builder, architect ami skilled homeowner m 
deciding the* most cost effective procedures 
for insulating roofs arui u)alls This decision 
making manual allows users m northern 
climates to determine the most cost-effective 
rneans for increasing the thermal efficiency of 
their specific building enveloped 
(lit) 061 000 (Xtotf -I 

HOME MADE ELlCTRICITY: AN 
INTRODUCTIONTO SMALL- 
SCALE WIND, HYDRO, AND 
PHOTOVOLTAICS 

Introduces the 'use of wind water, and the 
sun as electricity producers and. based on the 
experiences of grantees, helps the reader 
r\ake a realistic appraisal of these systems 
(?NV<K>1 OtXMHIMO \ 

WINDOW INSULATION: HOW 
TO SORT TfTROUCH THE 
QPTIONS- 

Focuses, on (he major decision and problem 
areas with the-ftchnology including choosing 
the right design jor trie window, how to m 
choose a xodrkable installation method, and 
how to gize up your window insulation needs 
given climate^ cost, and home orientation 

fepo dm wty imyya " / ' 

AN INTRODUCTION TO 
BIOGAS PRODUCTION ON THE 

FARWL - 

Introduces farm -size biogas production and 
includes a brief discussion on how to evaluate 
the biogas production potential of a specific 
ranch or farm. 
CIPO (X>1 (KM) 006.U K 



